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Un this auspicious occasion, tohen the great f rendi nation has inoited the peoples of 
the loorld to inaugurate the 20th centuni bt| joining together under her hospitable sk\f 
in a briUiant efhibition of the toorhs of peaceful compeKKon, i\ tDould not seem ir- 
relenant to glance badi upon the departed Century. 1t has been essentialia an age of 
scienKfic and tedinical deoelopment and, naturalis, the mechanical and optical 
trades Claim a prominent share in the progress of mankind toithin the last hundred 
Dtars. 1f uie compare our present fundamental basis of all scientific measurements, 
(mr uieights and measures, in their present perfection, uiith those ef isting a hundred 
Dears ago; if we place our finest astronomical and suroeying Instruments side by side 
loith the, to us almost primeoal, forms as they edsted at the beginning of the cen- 
tuni; or if voe glance at our present sensitioe physical and electrical measurements, 
rtmembering that a hundred years ago these were undreamt-of things, or in ef istence 
mhi in the crudest form, voe cannot escape from a gladdening appreciation of the 
mormous progress made within the last Century in the construction of philosophical 
Instruments as well as their reaction upon the progress of scientific inoestigations by 
lint of improoed methods. R prominent share in this deoelopment of the aids of science 
\s due to the 6erman Mechanicians and Opticians. 

Rt the commencement of the 19th Century, the Frendi and English makers of scien- 
tific Instruments were far in adoance of the 6ermans. Irue, the tsth Century kneu) 
)f prominent medianicians, and at the oery beginning of the t9th Century f raun- 
tiofer and Reichenbach and their disciples, Repsold of Hamburg, Pistor of 
Berlin and others, had secured general respect, in the scientific world, for 6erman 
nedianical skill; yet the frendi and 6nglish makers took the lead at that time, so 
IS to almost supply the world^s entire demand in scientific Instruments. Ihis pre- 
tominance had the further consequence of causing young 6ermans to emigrate to 
France or 6ngland in order to thoroughly master their subject. Many a 6erman me- 
ihanician of the present day ouies to frendi or 6nglish masters a substantial portion 
of his knouiledge and eoen in these days it is the aspiration of many a leuton to 
Loiden his practical knowledge in france or 6ngland. Ihe prominent position of the 
Frendi and 6nglish instrument-makers uias mainly due to the support lohidi in both 
countries the State bestowed upon tedinical art. In 6ngland, the interests of the 
riam) and Merdiant-seroice gaoe rise to the assiduous deoelopment of astronomical 
and nautical measuring Instruments, more particularly of astronomical dironometers, 
so as to ensure in these brandies an absolute supremacy, whidi 6erman medianicians 

ftcdunics and Optics. t 
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2 Introduction. 

haoe onlt) totthin the last ten or hoenh) tjears been able to contest France oioed 
her prominent position to thegreat geometrical suroey of Cassini and his foUoioers 
and, in a still greater degree, the admirable comprehensiue labours leading to the 
establishment of the metrical stjstem of toeights and measures, lohidi in its tum re- 
sulted in far-readiing improt^ements in the construction of appliances for toeighing 
and measuring, astronomical and suroeying, phtjsical und diemical Instruments. 

In 6ermant)« it is only mithin the last tuienty or tuienty-ßoe years that the State 
has espoused the interests of the home industnj in scientific Instruments, but sudi 
haoe been the efforts and the results that the position has, at a blow, as it uiere, 
dianged in faoour of 6ermant). 6oen) possible encouragement was offered and great 
Problems were created by the erpenditure of the 6erman gooemments, mithin the last 
thirty tjears, on art and science, the establishment of numerous large phtjsical and 
diemical laboratories, the erection and the erpansion of old observatories, the requi- 
sition of greatlt) improoed suroeying and astronomical Instruments. 6reat progress 
resulted from the introduction of the metric System in the construction of eiact weights 
and delicate balances and, in compliance with the requirements of modern meteoro- 
logt), led to oast improoements in thermometni and barometn|. Ihe deoelopment of the 
6erman natni created a great demand for nautical Instruments. Rll these influences 
roused the productioe powers of the nation and success has not been wanting. 

Soon also the necessity was recognised of the dose co-operation of the scientists and 
practical men. Rccordingly, in 1879 setieral scientists, medianicians and opticians united 
in Berlin and formed the nucleus of the 6erman Association of Mechanicians 
and Opticians, whith was formed in 1881 and embraced the whole 6erman Em- 
pire, hatiing for its object the scientific, tedmical and commercial deoelopment of 
philosophical Instrument making. Ihe official organ of this Society, the Zeit- 
schrift ftir Instrumentenkunde, was likewise founded in 1881 and is deuoted 
to the theoretical and practical deoelopment of scientific Instruments. Specialized 
schools were established, first in Berlin, then in Frankfort-on-the-Main and sub- 
sequently in many other towns, where saoants and practical men are combined in 
training the rising generation in the theoretical departments of the subject. Rs a result 
of these serious scientific aims, 6erman medianicians and opticians sought in their 
laboratories and Workshops the assistance of scientists, and at the present time the 
majority of the leading 6erman firms retain one or more erperienced mathematicians 
or physicists in their permanent seroice. 

The greatest share of the Impetus gioen to the manufacture of scientific Instruments, 
howeoer, is due to the Imperial Physical and Technical Institute, whidi was 
established in 188T. The first, or scientific, department of this important Institution 
is deooted to purely physical researdi, whilst the second, or technical, department 
deals with matters conceming the construction of philosophical Instruments. This In- 
stitution has already done great seroice and a large proportion of recent progress is 
due to its stimulating and helpful infiuence. 
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Setitig hoxo comprehensitie and systematic are the efforts brought to bear upon the 
art and scienceof instrument-construcKon, it isnot surprising that in this depart- 
ment 6ermant) occupies noio a foremost position. Ihis fact loas alreadt) ap- 
parent on the occasion of the Universal 6fhtbition of 1888 at Brüssels, euen more 
strikinglt) so at the Uorld's Columbian 6fhibition at Chicago in 1893, and remarhable 
adiienements toere shoton bt) the combined members of the 6erman Rssociation of 
Nedianicians and Opticians at the Berlin Irades 6fhibition of 1896. 

Rfter loitnessing this steadt) deoelopment of our medianical and optical trade, toe 
cannot but look toith conßdence and gratification upon the practica! demonstration at 
the Paris Centenart) 6f hibition of the ßourishing State of the scientific Instrument 
hrade in 6ermant), and a diaracteristic feature of the latter is the unity of its aims, 
uihidi is traceable to the histonj of its deoelopment and its intimate connection with 
pure science. 1t appeared, therefore, desirable to depart from the usual custom of 
grouping the nrhibits under oarious ßrms and rather to place them into sections em- 
bracing certain classes of Instruments so as to demonstrate on broad lines and as a 
uihole, within a well arranged though Condensed area, the present position of 6erman 
medianical and optical art. 

Ihe Joint 6f hibition of 6erman Mechanicians and Opticians is, accordinglt), 
subdinided into the foUowing sections:^ 

I. Metrological and Standardizing Instruments. 
II. Rstronomical Instruments. 

III. Suroetjing and Rautical Instruments:— a. 6eometric Instruments, 
b. Suroeying, mining and erploring Instruments, c. Rautical Instruments. 

IV. Weteorological, 6eo-magnetic, Thermometric and Calorimetric 
Instruments. 

V. Optical Instruments:— a. Photometrical Rppliances, b. Spectroscopes and 
Optical Weasuring Instruments, c. Microscopes and their aujriliaries, d. Photo- 
micrography and Projection, e. Photographic Ojectioes, f. Hand-telescopes and 
Terrestrial Telescopes, g. Crystalloptics, Rppliances for demonstrating and 
obseroing the Phenomena of Cight. 

VI. 6lectrical measuring Instruments for Scientific Purposes. 
VII. 6lectro-medical, Physiological and Biological Instruments. 
VIII. Rppliances for Chemical and Chemico-physical Research, Cabora- 
tory and Cducational Rpparatus. 
IX. Drawing and Calculating Rppliances. 

X. Rppliances for the Cfamination of Materials and for Special 
Purposes, Special Tools and Ruriliaries. 
Follouring the plan of grouping the efhibits into sections according to subjects of 
applied science, it mat) be profitable to append a Short shetdi of the present position 
of philosophical instrument-making in 6ermant). 
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I. 6ennan medianicians found themsetoes for the first Kme in their histoni face 
to face loith a task of some magnitude lohen calted upon, some setienh) years ago, to 
constract metrological and standardizing appUances for the purpose of detcr- 
mining, under the direction of the great astronomer Bessel, the Standards of the 
old Prussian System of measures. Subsequentlt), the medianical arts receioed an im- 
portant impetus through the introduction of the metric System in general and the tn- 
fluence and requirements of the Standardizing Commission in particular. the 
numerous inducements and hints whidi 6erman medianicians haoe receioed from the 
Standardizing Commission haoe enabled them to effectually co-operate in the 
introduction of the metric System both in and outside 6ermany. Opportunities pre- 
sented themseloes for the construction of oery nract comparators, dioiding engines, 
terminal and dioided measures, balances of the highest degree of precision, &c; and 
white acquitting themseloes of these tashs, 6erman medianicians haoe both leamed 
and accomplished mudi. R considerable portion of the equipment of the Bureau 
international des poids et mesures has proceeded from 6erman Workshops. 
Ihe adiieoements of 6ermany in the department of metrological Instruments and ap- 
pliances are prominently demonstrated within the Joint 6f hibition of Medianicians and 
Opticians by the Special 6fhibits of the Imperial Tlormal-Richungs-Kommis- 
sion (Office of Standards). 

II. From the measures, the indispensable fundament of all nract researdu uie pro- 
ceed to the astronomical Instruments. Ihis department is necessarity at a dis- 
adoantage inasmudi as the largest and most costly Instruments, the large refractors, 
can only be efhibited under oery special circumstances. Hitherto 6erman telescope- 
makers haoe supplied large refractors almost erclusioely to countries outside 6ermany, 
but in this respect they haue actioely competed with other makers. Recently they 
haue been gioen an opportunity of prooing their powers in the construction of the 
ntw Potsdam refractor, whidi is not only one of the largest Instruments in 6urope, 
but also the first large telescope built for a 6erman obseroatory, and the results haue 
been brilliant indeed. In the main, the 6erman makers haoe deooted their attention 
to the construction of medium-sized and small astronomical instruments, refractors, 
transit'Circles, altitude circles, heliometers, &c., but with sudi success that, as regards 
the precision and delicacy of the indioidual parts of the Instrument, 6ermany Stands 
novo unrioalled. Recently great progress has been made in the construction of astro- 
nomical objectioes. The first optician ujho broke the ice in the important department 
of optical glass smelting was a 6erman, to wit Fraunhofer. His untimely death 
was foUowed by a long period of Stagnation, and the limits of the possible were soon 
readied when attempts were made to construct oery large objectioes, at least as far as 
the optician's art was concemed. Rbout twenty years ago, Prof. Rbbe and Dr. Schott, 
of Jena, resumed the thread where Fraunhofer had left off, and they succeeded in 
producing the old crown and fiint-glasses in sudi perfection that the diromatic dUfer- 
ences of spherical aberration can be compensated almost completely. Ihis led to great 
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improotmentis in tetescope lenses, and at the same Kme the Jena 6las5 Uorhs haue 
become so prodncKoe as to enable 6erman opticians to cooer thdr enKre demand in 
6emiant). 6reat progress has also been made in sudi an important brandi of manufac- 
ture as that of spiriMeoels. Tlot onlt) are the ßnest spiriMeoels incontestably made in 
6ennant), but, in addiKon, the Imperial Physical and ledinical Institute has success- 
fiiUii inoestigated the causes of the formation of deposits loithin the leoeis. Mediani- 
dans possess noto a readt) means of detecting glass liable to deterioration and haoe 
no difRculh) in securing suitable glasses. 

III. the third section, comprising geometric and nautical Instruments, in- 
cludes also those Instruments uihidi form a connecting Unk between astronomy proper 
and the land-suroeyofs art, i. e., those astronomical Instruments whidi are emplotjed 
fbr geodetic measurements. Mant) improoements in this group of Instruments haoe 
emanated from 6erman Workshops and haoe had their origin in the requirements of the 
International Suroey and especially the influence of the 6eodetic Institute and its 
present director, Dr. Helmert. We may here mention the conoersion of the friction- 
roUtrs of transit Instruments into a balance beam, so as to completely compensate 
the errors of coUimation. Ue mat) also refer to Repsold's mode of ßtting transit 
Instruments so as to almost entirelt) neutralize the personal equation, and equally 
important are the improoements in 2enith-telescopes and spirit-leoel testing appUances. 
Ihe geophtjsical inoestigations of the International Suroey haoe gioen birth to the most 
sensitioe Instrument of our times, the horizontal pendulum, whidi owes its origin 
and deoelopment to 6erman scientists and medianicians. Ihe study of the mooements 
of the oceans has recently been facilitated by greatly improoed Instruments, the most 
perfect of uihidi are those of Seibt-Fuess. Remarhable progress has in late years been 
made in the construction of suroeying Instruments. Ihe requirements of suroeyors 
and engineers haoe readied sudi a high stage of deoelopment that they could not fall 
to beneficially affect the construction of theodolites, leoelling Instruments and tadieo- 
meters. Ihe manufacture of suroeijing Instruments is carried on in Öermantj on a 
oen) eftensioe scale, and the reputation of these Instruments has obtained for them 
a uiide market all ooer the world. Considerable improoements haoe also been made 
in small compactly built suroeying Instruments, whidi haoe been requisitioned by 
numerous 6erman erplorers. Rs the natural outcome of the deoelopments of the 
merdunt seroice and the creation of a powerful naoy, considerable attention is paid 
to the manufacture of nautical Instruments. Idhereas formerly 6ermany depended 
for these accessories of naoigation upon other countries, 6ngland in particular, at the 
present time all nautical Instruments are manufactured at home equally well, in some 
respects eoen better than abroad. 

IV. Ihe deoelopment of the meteorological Instruments and the appliances 
for measuring temperatures presents a typical Illustration of the dose connection 
behoeen theoretical science and manufacture in 6ermany. Ihis applies in particular 
to thermometers. Rbout tuienty years ago the manufacture of thermometers had come 
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to a dead stop in 6ennant), thermometers bdng then inwsled toith a defect» ttidr 
Uabilih) to periodic changes, lohidi seriously endangered 6ennan manufachire. 
Comprehensiue intiesHgaKons toere then carried on bt) the normal-Ridiungs-Kommission, 
the Imperial Phtjsical and ledinical Institute and the Jena 6lass Uorks and after 
mudi labour brought the desired retoard. Chemical analtjsis in conjunction uiith care- 
füllt) managed glass smeltings and practical tests shoioed that pure potassic and 
pure sodic glasses possess those defects in the least degree, whereas glasses con- 
taining both alhalis are subject to periodic dianges to sudi an eitent as to render 
them useless for thermometric purposes. Ihe last outcome of these inwstigaHons 
was the production, at the Jena 6lass Idorks, of an ercellent sodium glass, uihidi 
Shows depressions of not more than O*!"" per 100^ Recentlt) a boro-silicate glass 
has been prepared whidi shows a mairimum depression of onlt) 0*05"" and possesses, 
moreooer, the important property of eycellently agreeing with the htjdrogen thermo- 
meter. Ihe adoantages whidi mat) result from these disconeries to meteorologt) as 
well as the phtjsical, diemical and medical sciences, are oboious. Ihe tedinical arts 
too haoe benefited by discooery. Idith the aid of the new glasses and the innention 
of a process btj whidi mercury is kept in the thermometer under a pressure of from 
20 to 25 atmospheres, thermometers haoe been constructed for temperatures up to, 
and beyond, 550'' C, as far as the region of incipient red heat, and reading accuratelt| 
to 7,0^ In consequence of these stjstematic efforts the manufacture of thermometers 
has readied in 6ermant) an unprecedented leoel, and now gooems the market of the 
World. 6erman thermometers are purdiased eoerywhere wlth particular confidence, 
as theti can be supplied with offtcial certificates. Ihe Thermometer lesting Instihite 
of Ilmenau nramines annually about 40,000, and 16,000 are annuallt) tested b\| the 
Imperial Phijsical and Tedinical Institute.— 6erman barometers, mercurial as well 
as aneroid, enjotj a high reputation and are eoenjwhere esteemed for their delicate 
workmanship and reliabiliti). The aneroid-barometers, whidi haoe obtained increased 
importance through the requirements of erplorers, are tested btj the Imperial Physical 
and Tedinical Institute with respect to their liability to periodic dianges. Ihe merits 
of the 6erman self-registering Instruments of the Sprung-Fuess type, thermo- 
graphs and barographs, anemometers and rain-gauges are so well known that they 
need no further comment. These ercellenl Instruments are used in all the meteoro- 
logical obseroatories of the world. Finally, attention should be drawn to the pyro- 
meters and calorimeters, whidi haue also been considerablij improoed in recent tjears. 
V. £ike the medianical arts, optical construction has made great and rapid progress 
in 6ermanij. In this conneclion it is our gratifying dutij to mention the name of 
Rbbe, whose master-mind has had a profound influence upon the deoelopment of 
6erman optical science and manufacture. Rbbe's earliest great merit is the elud- 
dation of the theonj of the microscope, by whidi he has placed microscopical optics 
upon an entirely new basis. 1t is also due to his efforts, in conjunction with those 
of Dr. Schott, the head of the Jena 6lass Idorks, that numerous opticallt) valuable 
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glasses have been rendered auaiiable for the purposes of optical construction and that 
matiii difftcuU problems haoe noio been sotoed. Ihe neiü Jena phosphate and baryte 
glasses haoe ted to mantj improuements in microscopical optics. We need onltj refer 
to the Zeiss RpodiromaKc objecHties, tohidi, in conjuncHon toith the compensating 
eyepteces, tj^ld a mudi more perfect correcKon of the diromaKc and spherical aberra- 
Hons than toas preoiouslt) attainable. We beliebe (hat tue are not going too far bt) 
sat)ing JhaJ to Prof. Rbbe is due the toorld-ioide fame of 6erman microscope con- 
shiicKon. Ihis reputation is not limited to the microscope itself, but all its accessories, 
and embraces also microtomes, photo-micrographic and projection appli- 
ances and, in particular, Photographie objectioes, the construction of lohidi has 
undergone loonderfiil dianges since the introduction of the Jena glasses. Ihe enor- 
nums erigencies of modern artificial Illumination has gioen rise to mantj improoe- 
ments in photometrt). In this department the path has been smoothed btj the 
efforts of the Imperial Physical and Tedinical Institute, and pholometers are nouj 
made by whidi the intensitij of a luminanj can be measured with a degree of accu- 
racy within y, per cent. The result is that 6erman photometers enjoy a predominant 
popularitij.-^ermant), the cradle of spectrum analysis, occupies naturalltj an important 
Position in the manufacture of spectrum appliances. Ihe construction of these Instru- 
ments, Darying from the largest and ßnest spectrometers for astronomical, physical 
and diemical researdi, to the smallest hand spectroscopes, employs a large number 
of establishments. Ihe same applies to the manufacture of polariscopic appli- 
ances, whidi haoe a wide reputation and command a particularltj large market in 
the sugar hrade.^no less importance attadies to the optical measuring Instru- 
ments designed for the special requirements of phtjsicists, diemists, mineralogists, &c., 
whidi are made with astronomical precision, so as to satisfy the highest erigencies 
of modern researdi. Rmong these we matj mention the crystalloptic Instruments and 
those for studtjing the theonj of the nature of light.^ln the construction of tele- 
SCO p es 6ermant) has, in addition to general improuements, adiieoed a triumph, whidi 
has gioen her a great adoantage. Ide are referring to the neu) form ofbinocular 
telescopes, in whidi, by the interposition of prisms, the dimensions of terrestrial tele- 
scopes are reduced to their lowest limits, white, at the same time, the defming power, 
Ught-gathering power and the stereoscopic ePfect is greatlij increased as compared with 
the older tijpes. Ihe inoention of these telescopes has created a wide demand in the 
armt) and nauy. Uery considerable too is the industnj in optical auriliaries, prisms, 
quartz and calc-spar preparations, &c., in whidi 6ermant) ercels both in qualiti) and 
productiueness. 

VI. Ihe manufacture of electrical measuring Instruments for scientific 
purposes has, in 6ermant), kept pace wilh the great strides made in electrical engineer- 
ing. R number of prominent firms applij themseloes to this tedmicäl brandi and haue 
made themseloes a good name. Ihis industni has Itkewtse proßted btj the funda- 
mental labours of the Imperial Phtjsical und ledmical Institute, in particular btj the 
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estabUshment of Standards and by important inoesKgaHons. Ue may here menHon 
\he inhroducHon of nno resistente materials, calted manganine and constantan, 
tohidi are not affected by dianges of temperature and are nom introduced by nearlij 
all 6erman ßrms occupied toith the manufacture of electrical measuring instruments. 
Mention should also be made of the work accomplished in Standard cells, totiidi facili- 
tate the application of the so-called methods of compensation for accuratelt) measuring 
the strength and 6. VI. f. of electrical currents. Ihis is, therefbre, another department 
tohere the influence of scientific researdi has been feit in practical manufacture. 

VII. Electro-medical appliances are also made in 6ermant) and erported abroad 
in oery large numbers. Ihe growing application of the electric current as a curatioe 
agent in Operations and for the Illumination of internal caoities of the human bodij 
haoe caused this department of industni to deoelop considerablt) both tedmicallt) and 
commercially. lo this group of appliances belong the oariotis kinds of Roentgen 
rat) apparatus, whidi are made and erported in stupendotis numbers. 6reat importance 
attadies also to the manufacture of phtjsiological and biological instruments, 
uihidi engages the attention of seoeral prominent ßrms. 

VIII. Ihe manufacture of educational appliances has grouin in proportion to 
the deoelopment of the methods of practical demonstration in elementani as uiell as 
intermediate sdiools and tedmical Colleges. Ihe 6erman Output of educational appli- 
ances has at present readied a trult) astounding magnitude. Ihis is mainlt) due to 
their dieapness, simplicity and their suitable siie. Ihe laboratort) appliances 
required for scientific inoestigations comprise naturalis the ßnest and costUest 
instruments made. 

IX. Ihe manufacture of drauiing and calculating instruments employs a 
large number of 6erman medianicians. &rcellent drawing instruments and other ap- 
pliances for drauiing, cartographt), &c. are erported to all parts of the world. 6erman 
medianicians haoe Ukeuiise succeeded in considerablt) improoing Ihomas's old cal- 
culating madiine. 

X. In addition to purelt) scientific instruments, a tienj large number of appliances 
are in constant requisition for special industrial purposes, and mant) a media- 
nician ßnds constant emplotjment in this department. Besides, mudi thought and 
skill is brought to bear upon the needs of medianical worhshops. Formerlt) eoery 
medianician made his own tools, and in many instances this is still done. Many 
dianges hatie, howeoer, been wrought in this respect by the infiuence of the Rmerican 
System of manufacture, in lohidi, it should be added, 6ermans hatie a considerable 
share. Prominent medianicians and engineers began to deoote themsetoes more or 
less efclusioely to the manufacture of special tools for philosophical Instru- 
ment making, and noui form an important independent brandi of industry. 

In conclusion, uie haue to draui attention to the separate nrhibition of the Imperial 
Phijsical and ledinical Institute, uihidi could not be mortised into the general 
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plan of \h€ Joint &rhibiKon. Ihe aims of Ms Institute, the greatest of its kind in 
the loorld, haoe alreadt) been ef plained. Ihe ef hibits of the Institute seroe to illustrate 
in a concise form seoeral spheres of its actioitij. 

rhe commerclal importance of the medianical and optical trade of 6ermant) is com- 
mensurate with its reputation, as uiill readilt) be seen from the foUowing table 
showing the erport of scientific instruments during 1898:^ 

^'^ WlS?^^ üalue in VUrks 
Rstronomical, optical, mathematical, phtjsical and elec- 

trical instruments 218,900 8,975,000 

Raul optical glass (fiint and croum) 124,900 625,000 

Optical glasses (spectacles, reading-glasses, stereoscope 

glasses) 224,200 3,139,000 

lerrestrial telescopes, field-glasses,opera-glasses, mounted 

spectacles, &c 33,900 1,526,000 

Total 601,900 14,265,000 

Ihe empört has been trebled uithin tO ijearsi 

Rnother measure of the magnitude of the medianical and optical trade of 6ermant) 
mat) be obtained from the number of manufacturing establishments and their emplotj^s. 
These are at present as foUows:^ 

nah.reofmanufach.re esuShm^'ts """Spl^d^ 

Rstronomical, optical, mathematical, phtjsical and 

electrical instruments 500 9,200 

6lass-blou)ing, glass instruments, glass thermometers 125 1,TT3 

Optical instruments, spectacles, reading-glasses > > > 165 2,652 

Total T90 13,625 
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I. Metrological and Standardizing Instruments. 



t. Imperial normal-Ridiungs-Kommifßon, Berlin. 

(Imperial Office of Standard Ideights and Measures.] 

Ihe Imperial Office of Standard Ueights and Measures was instihtted bv Rrticle tl of Hie Uno of Hie 
tlth of RuQUst 1868 relating \o the loeights and measures of the north 6erman ConfederiHon, lolUdi ^| 
§ 2 of the lato of the teth of Rpril 1871 conceming the consHhiHon of the 6erman Empire became te- 
perial lato. Ihis Office is composed of a permanent staff and a committee, meeting anniuiU|| or al 
shorter interuals according to eiigencies, of eminent authoriHes on ttieoreNcal and appUed sciCKf. 
Ihe Office is presided ouer by a director and includes at present amongst ttie memt»ers S 6oiicra> 
ment councillors, 24 tedinical officials and about 10 Clerks. R neio official building prooiditia space 
for 90 Offices is in course of erection. the Office is maintained at an annual erpenditure or Malis 
170,000 (£8500). 

the loorh of the Office is subdioided in three sections, knoion as the ScienNRc, Standardiiing and 
&cise Departments. 

lipon the ScienHfic Department deuolues the tash of permanently safeguarding, in 6emuni|, the 
fundamental metrological data for the determination of weiants and measures of length. this is mainli| 
effected by continuous comparison of the Standard loeiahrs and measures in the possession of the Office 
loith their official protot^pes and by Controlling the Standards of acise Offices as loell as those possessed 
bu scienHRc and tedinical institutions and eiecutiue authorities. In connecHon loith these duHes, the 
Office aids in the deuelooment of the appliances and methods auailable for scienHRc researdi. Tor this 
purpose the Imperial Ofnce of Standard tOeights and Measures is proDided loith a complete equipment 
of the finest measuring Instruments, sudi as comparators, balances, &c., some of lohidi will be found 
among the eihibits. 

the Standardiiing Department attends to all matters conceming the tedinical side of the quesHon 
and is responsible for the uniformitv of the methods of standardiiing throughout the Empire, this 
department also issues detailed orders respecting the regulation of loeights, measures, balances and 
gauges, gasmeters, alcoholometers, hydrometers, sacdiarimeters, fiuid measuring appliances, diemical 
measurino apparatus, &c. the scope of its duties includes also the preoaration and distribution of 
the Standards to the Efcise Offices of the Empire and the regulation of the methods of testing, as 
well as the tash of ensuring uniform compliance with re^ulations respecHng weights and measures. 

the worh of the Ercise Department aims at the establtshment and permanent maintenance of the 
reouisite degree of conformitv between the tedinical appliances employed by the customs and ttcist 
authoriHes and the methods followed in their application. this work comprises the cerHfication of 
the appliances used for testing spirits, spirit methylators, uinegar, lioueurs, rruit Juices, ethereal oils, 
eftracts, diluted wines, musts, &c.; it also embraces the attestation or the spirit measuring appliances 
employed in spirit distilling and the issue of the requisite tedinical Instructions and tables. 

t. Uniuersal Comparalor. this Instrument has been made by KansKeele and XlOanschaff, 
of Berlin, and consists of two separate parts, one of whidi is for the purpose of comparing measures 
haDing a length of one metre, white the other is auailable for comparing measures not eiceeding four 
metres in length. 

the microscopes are immoDably mounted upon brick-pilars built upon independent foundaHons and 
coDered with slabs of sandstone. the measures whidi are to be compared together with the troughs 
carrylng them are successibely placed under the microscopes. the troughs rest upon carriages and 
can be adjusted by eftemallu accessible micrometer mouements in a longitudinal and transDerse di- 
rection, as well as raised and lowered. 

Rn entirely new feature is the arrangement for erdianginq the measures. the carriages are drinen 
electrically and run upon rails, the backward continuation or whidi lead to a tum-table situated in the 
centre of the comparator room. the position of two carriages is thus reuersed by tuming this table ISO**. 
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RU mounncnts are accompUshed automaHcallv from atertial poinh. Rn electro-magneHc disUnce 
potnter indicates the position of hoo carriaaes and their eiact position is recorded by signalling dmices. 

the gtneral arrangentent of the comparafor and its apiiartenances is shoion by a Vi füll siie model, 

the original construcHon being represcnted bi| the 
bridi-pillar of the comparator loitli the microscope 
foundations and one of the carriages. 

In addition to the usual ocular micrometer micro- 
scopes the equipment of the apparatus includes spe- 
cialis constructed photo-micro^raphic appliances, oy 
means of lohidi the terminal lines of eadi of the mea- 
surescanbephoti 
therebji entirelv 

the erfects of heat radiatina from the erperimenter*s 
body. the relatioe lengths of the rods is determined by 




Doraphed successioely on the same plate, 
eliminating inaccuracies arising from 




Tig. l. 



Tig. 2. 




Tig. 3. 



microtnetric measurement of the photograms. One of the photo-microscopes will be found amono the ei hibits. 
Tig. t stioios the construction of the microscopes and the fittinos seroing for their adjusfment. Tig. 2 
reprcscnts a portion of the carriage toaether loith the adiustments of the trough. Tig. 3 is a diagram- 
niaHcal oieio of one side and the middfle of the tum-table and its tuming gear. 
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Ihe Imperial OflRce of Standard Ueighhs and Measures has published Nie roUoioing worhs on Hi 
subject of eitrentelii fine measurnntnts of Itngth:-' 

t. Fletronomisdicr Beitraa Ho. S, Zur 6f schichte 

und Kritik der toisenmaassstlbe non 

CT. 10. Peters (History of and criticism on the 

toises measures bu CT. U.Peters), Berlin 1 115, 

published bu Terd. Dfimmler. 
2. tOissensduftlidie Rbhandlunoen flo. t, II, lieber 

den Rnschluss des Uferen Urmaasses 

und der Kopien desselben an das neue 

deutsche Prototyp für das Meter (On the 

relation of the old Standard measures and their 

copies to the neio ßerman prototype of the metre), 

Berlin 1895, published by Julius Sprinaer. 



3. Mittheilungen der Kaiserlidien normaURichunos- 
Kommission flransactions of the Imperial Ofnce 
of Standard weights and Measures), Berlin, pub- 
lished by Julius Springer:^ 

a) t.Series Ro. t, Ihermisdie Radiioirhungen 
bei Metallen (Secular ther- 
mal dunges in metals). 




Ti9.4. 




Tt9.5. 
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b) 



c) l. 



d) 
e) 



f) t 



g)i. 



h) l. 



t. Series rio. 4, Beugungsgitter aumetall unter starker Derardsserung (DifTracHon grat- 
ings on metal shoion under hiigh magniRcarions). 

- I, Einfluss der Teuditigheit auf die tängenausdehnung oersdiiedener H0I2- 
arten (The influence of moishtre upon the longirudinal erpansion of 
oarious species of wood). 

- 9, Viaterial der feineren Flaassstäbe (material for fine measuring rods). 

- 9, Elastisdie und thermisdie Tladiwirkungen bei Metallen (Ctastic and ther- 
mal secular dianges in metats). 

- to. Die Beiiehunoen der metrisdien, der altfranzdsisdien und der englisdien 
£ängeneinlieit £u einander ttlie relations of the metric, tlie old Trendi 
and the Enolish units of measure). 

- 18, erste periodisdie Prüfuna der Kontrolnormale der tängenmaasse {First 
periodical eiamination of the Controlling Standards of the measures of 
fength). 

- 24, lieber die Tehlerangaben für Maassstäbe, weldie der flormal-Ridiun^- 
Kommission zur Prüfung oorgelegt werden (On the defects of measuring 
rods submitted to the Imperial Omce of Standard I3eights and Measures 
for oeriRcation). 




Tig.6. 

!. Rpparatus for tneasurina the thichness of hudrometers, toedges, qiUnders, &c. 

; apparatus, constructed by C. Reichel and H. Heele, of Berlin, was oriainallii designed for the 
rate determination of the cross-section of hydrometers at oarious points of their graduations, but 
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is aoailable for manv othcr uses. thc apparahts consishs of a q|lindrical auidc-rod upon lohidi hraods 
a slide-blodi, a second q|lindrical rod kcqiinQ the lattcr from htminQ. uie slide-blodi supports hoo 
contact ci|linders lohidi readilu mooe at righr anales to Nie tradi of rhe slide-blodi. thcsc qiUiiders 




Fig. T. 



are Rtted wi\h Imwt-cdaes 
of sapphire and micrommr 
scaUs. Ihe Ukter He side 

Sside lohcn Hic knlft- 
^es toudi, but thqi are 
dispUced lohen a hudro- 
merer habe is placed be- 
hoeen them. the amount of 
the muhul dispUcement is 
equal to Hie diameter of the 
htbe and can be measured 
accuratelii loiHiin 0*0001 mm 
bv means of a micrometer- 
microscope mounted abooe 
Hie scales on the side-blodt 
the htbes tohidi i\ is re- 
quired \o measure are placed 
parallel \o the directum of 
moNon of the slide-bloA in 
sudi a manner ttut they 
can ,be tumed round their 
oum ares. Tor thts purpose 
the frame is RHed at onc 
end totth a uninersallii 
adjustable holder. R nooel 
feature of this apparatus 
consists in the fricnonless 
monement of eadi of the 
contact cylinders on four 
balls of agate eidi of whidi 
rolls upon the sides of hoo 
culinders. the »hole of 
tnese balls are made to nm 
on three trulv oaralld sted 
culinders mounred upon the 
slide at right angles to the 
monement of the latter. In 
riQ.4 C represents these steel 
culinders, k the balls and 
K thecontact-cuUnders. thc 
mouements of me slide-blodi 
and the contact-qiUndersare 
efftcted bv special deoices. 

rigs.Sandiillustratethe 
enHre apparatus from dif- 
ferent aspects. 

the first apparatus of Hiis 
kind euer made is dcscribed 
in the netronomisdier Bei- 
frag no.T,^Ueber die Be- 
stimmung von Rrlo- 
metern** (On a method 
of tesNng hudrometcrs) b« 
Dr. B. lifeinstein, Berlin 
1180, published by Julius 
Springer. 

3. Dertical Compara- 
tor. this companlor has 
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bccn cotishitcted by R. Repsold&Söhne, of Hamburg, and serues for comparing dioided measures and 
mcasuring pcndulums in a oerHcal posiHon. U will be seen from Tig. I thar i\ consists of hoo separate 
parts mounred upon one pillar, oii: the micrometer hibe toith \\s microscopic reading appliances and the 
carrier of the measures under comparison. R neto and distinctioe feahtre of this apparahts consists 
In nie opHcal and micromeMc fitHngs. 

the micrometer hibe can be made \o rotate on its oerHcal ares and carries a\ i\s upper end a mi- 
crometer in conjunction toith an obJecHoe haoing the plane of its ima^e coincident uiirh that of the 
crosS'Unes. Rnother optical combination consistino of an objectioe and prtsm shouis the terminal lines of 
the dtoided sections under comparison side b^ side In the micrometer. the distance between both Images 
of these lines can be measured micrometrically and is equal to that section less the distance between 
the optical combinations referred to. the upper combinatton is permanently attadied to the micrometer 




Tig. S. 



and together with it can be raised orlouiered 20 mm; the lower combination can bemooed and adjusted 
within the tube at distances of 0*25, 0*5, 0'15 and tm from the upper combination. 

Tor the purposes of measuring the micrometer the casing is mooed bu means of an adjusting screto 
so as to cause a ftf ed pair of cross-lines in the casing to coincide with the image of one of the dioision 
lines. R monable pair of cross-lines is then, by means of the micrometer measuring screto, made to 
coincide with the otner image of the dioision line, and the position of the micrometer drum is then noted. 
Rfter tuming the micrometer tube the process is repeated for the second rod. 

The carrier of the rods consists of a mooable sole-plate surmounted by a cast iron sleeue the planed 
sitdtng surfaces of uihidi are fitted uiith mooable and adjustable bearings adapted for the cylindrical 
end-joumats of the rods. the uieight of the rods can be tahen up by means of tu)o leoers fitted to 
the Upper end of the carrier. the sole-plate can be Rtted with a watertight cylindrical jadiet whidi is 
not snoum in Fig. I. the hollou) part of the sleeoe contains a stirring helii uiorked by a crank, so as 
to render the apparatus aoailable for the measurement of immersed rods. 
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4. Congihldinal Scrno Comparator. Ihis comparator has bem made Ini Sommer * Runge, o( 
Berlin, for tesNng the ^raduaNons of Hiermometers, hi|drometers, 9tc. ft consisls of a carricr fitted 
iniHi hoo micrometer mtcroscopes and sliding upon cylindrical raiü, monement being imparted \o i\ b^ 
a screto haning a pihh of t mm. the latter is fitted toiHi a drum dioided hito tOO parts and is adapfrd 
for measurements Hie precision of whidi do not eiceed 0*0 1 mm. When measurements rei^uiritig a 




Fig.!. 



higher degrec of precision are to be made this scnw merely serves to impart a slow moocment to Hie 
slide; in addihon, the screu>'nut can be Hiroum out of gear entireln. the actual measurement is 
effected b^ means ofttie evepiece micrometer. One of the microscopes can, moreooer, be mooed a distance 
of S ca on separate ciplindrical guides bu means of a measuring screto. the measurcs mhidi are to be 
comparrd arc placed uoon tuw plane casr iron tables mhidi can be raiscd and Unoered. 
Tig. S sho»s the eniirc apparalus together mith an instrument whidi is behig tested. 
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. Mfasures of Cenoth. 

a) Standard ffimt Brotue Bar, made by C. Reiche l, of Berlin. The rod is Square in secKon, 
it has qiUndrical himed ends and is fiWtd toith rigidly mounted sapphtre cones. the 
latter are polished by means of a madiine speciallu conslructed for this purpose, as described 
in£oeu)enher2*s publicaHonenhtled, *'Die totssenschaftlichen Instrumente auf 
der Berliner ßeuierbe-Russtellung tSI9'* (The Scientific Instruments shown at the 
Berlin trades Grhibition of tSI9), Berlin, published by Julius Springer. Ihe ends of 
the sapphire cones are parallel and at right anales to the aiis of the rod. the distance 
between their centres constitutes the length of the rod. 

b) Standard fleasurina Steel Bar, 3 m long. Ihe rod and its ends are prepared as in the 
preceding case. In me centre the bar is bored and fitted in the neutral 2one with a small 
Qlass disk haoing an auyiliary scale ruled upon it. the latter serues to deduce the total 
length of the one metre rod. 

c) Scale dioided within the neutral 2one. the body of the scale is made of steel and forms a 
I — I in section. the surface lying mithin the neutral 2one is plane and finely polished, and 
the rod is thidily nidieled. the dioisions are oery fine and ruled upon the nidiel coating 
by means of diamonds. During the process the formation of burrs has been carefully 
aooided so as to eliminate the necessity of subsequent finishing. the lines are 9 to 4 /i 
thidi and free from ambiguity. 

i. Dacuum Balance, made in tS94 by P. Stückrath, of Friedenau. 

liis balance serues for the purpose of comparing uieights of 200 g to t ka and is mainly employed 
ujeighing demanding the highest degree of accuracy. the beam, suspenders and cross-stirrups are 

of gilt brass; the knife-edges are of 
steel resting on agate planes, the ba- 
lance rests upon a solid brass plate 
upon whidi is placed an airtight copper 
bell fitted uiith a small glass plate in 
the top and Windows at the sides. 
this copper receioer takes the place 
of the bell glass cooerina the evhibit. 
the plate is ntted uiith stuffing-boyes 
through uihidi are passed mooing rods 
whidi can be manipulated by the 
ef perimenter 9 m awau. these rods 
are fitted uiith suitabfe transmitters 
by means of whidi all necessary 
mooements can be effected, sudi as 
the rotation, eleuation and depression 
of the carrier, release of the beam 
and the suspenders, and the manipu- 
latton of the uieiahts. the carrier is 
so arranged as to be aoailable for com- 
paring tu)o pairs of weights. the addi- 
tionafuieignts are placed below upon 
the paus by means of radis, and when 
not in use hang upon leuers uihidi 
can be lodied and released at pleasure 
bu means of the side-rods. theinterior 
of the balance is fitted with two 
thermometers and a hair hygrometer. 
the balance mau be connected with 
an air-pump. tne readings are taken 
in the usual manner by means of 
a prism and telescope fitted with a 
scale. Fig. 9 shows tne entire general 
arrangement of the balance. 

R similar balance emploued for the 
comparisons with the prototype is de- 
scribed inno.t.IH of thelJissensdiaft- 
lidieRbhandlungen, **Ueber den Rn- 
schluss des älterentlrgewichts 

Muiitcs aid OpHcs. 2 
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und der Kopien desselben an das deutsche Prototyp für das Kilogramm** (On the relation 
of the old Standard weights and their copies to the new toman prototype of the Kilogramme). 

T. Balance fitted uiith apparatus for automaticallii interdunging and adding weights, made by 
P. Stückrath, of Friedenau-Berlin, for the determination of masses from tO to 35 kg. 

Ihe beam and suspenders are made of brass, the pan-radis of partinium, the knife-edges of steel and 
the planes of agate. the dearee of sensitioeness ts determined automatically by ertemally workrd 
riders. the arresting devices ror the beam, the suspenders and weight supports ätt raised and lowertd 
by a rod projecting t m from the case. the necessary movement is efTected bu drawing a wedge badi* 
wards and forwards. the deflections of the pointer are read by a telescope at a distance of t m. Ihe 
carrier and weight supports are made in the form of a grating so as to render the balance aoailable 
ror evtremely Rne Compound weighing by automatic interdunge without the use of plates, u)hidi othcr- 
wise would double the necessary number of Operations. 

S. Milligramme Balance, made in tSIS by P. Stfickrath, of Friedenau-Berlin, for the deter- 
mination or masses from O't mg to t g. 

the beam, suspenders and pans are made of aluminium, the planes of agate, and the centre and end- 
knioes are eadi replaced by a pair of agate points. the sensitioeness is determined by means of hoo 

riders, haoing a dtfTerence in weiaht of Vm mg and causino a deflectioti 
of 5 to 6 dioisions of the scale. the arresHng deoices of the beam and 
suspenders are raised and lowered by a rod projecting 40 cm from the 
balance. the scale is read bu means of a relescope. the sensitioe- 
ness and addition riders are lifted on and ofT and the pans together 
u)ith a portion of the susoenders interdunged by the circular mooe- 
ment of a crank projecting from the case. the rider and pan carrier is 
mooable. Tig.tO gioes a general oieto of the balance. 

9. tiao Stands laittl Bell 6lass for the preseroation of oery 
Rne uieiohts, made by P. Stückrath, of Triedenau-Berlin. 

the stand is made of uiood and carries abooe an unpierced brass 
plate to whidi three ioory blodis are attadied by means of brass screus. 
the weights are placed upon the ioory blodis and protected from dust by 
the bell glass. See also Inittheilungen der Kaiserlidien normal-Ridiungs- 
Kommission, t.Seriesno. 3t, lieber die Rufbewahrung feinerer 
Gewichte aus Messing und dergleichen (On the preseroation 
of fine brass and other uieights). 

to. tlOO Rir-ioeigtlts for determtning the oariable uieight of air by Regnault*s method, made 
in tSS6 by B. Pensku (nou) Sommer & Runge), of Berlin. Both bodies haoe approrimately the same 
mass and surface uihile their oolumes difTer by 300 cmm. One of these bodies is solid and has the 
form of a stout cylindrical ring, while the othcr, as shown in Tig.U, has the form of a holloto Shell 
fitted uiith internal ribs. Both bodies consist of the best copper and are thidily gilt, they hat)e re* 
peatedly been tested in Berlin by the Imperial Office of Standards and three times by the Bureau Inter- 
national des Poids et flesures, of Stvrts, Both haoe prooed fairly satisfactory although it has not been 
possible to entirely eliminate dianges in their uieights. 

tt. Sets Of Weights. 

t Set of weights from 500 to t g, made of platinum-iridium, in tSS5 and tSS9. 

t Set ofuieights from t kg to t g, made of aluminium, in tSS9, by P. Stückrath, of Berlin- 

Triedenau. 
t Set of uieights from t kg to t g, made of rodi-crystal, in tSI5, by Karl Stollnreuther, 

of Wunidi. 
t Set of weights from t kg to t g, made of gilt copper, in tSSS (t kg) and tS9t, by P. Stück- 
rath, of Triedenau-Berlin. 
t Set of weights from t kg to t mg, made by 6. flentz, of Berlin, in tS9S, t kg to t g beinc 

made of nidieled brass, 500 to 10 mg of platinum, 5 to t mg of aluminium, 
t Set of weights from 500 to t g, made in tSS3 by P. Stückrath, of Triedenau-Berlin, ol 

gilt brass. 
t Set of weights from 500 to Ol mg, made in IS99 by P. Stückrath, of Triedenau-Berlin 

oiz. 500 to 10 mg of platinum, 5 to Ol mg of aluminium, 
t Set of uieights from 30 kg to t kg, made in tSI5 by P. Stückrath, of Triedenau-Berlin, oi 

gilt brass. 
See also the follouiing publications by the Imperial Office of Standard bJeights and fleasures:-' 
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netronomisdicr Beitrag Tlo.t, Beredinung oon Dolumni' und enoiditsbestimmunaen mit Rücksicht 
auf die Sdiwankungen der Diditigkeit des IJassers und der £uft oon W, Förster, Berlin, 
Terd. Dümmler*s Derlag (Computaticm of oolumes and uieights with regard to the oscilla- 
tions of the densiti^ of water and air, by W, Förster, Berlin, published by terd. Dümmler). 
Netronomisdier Beitrag no.2, lieber Deränderlidiheit oon Platin-6eu)iditsstüdien (On the naria- 
bility of platinum weights, by Dr. L toewenherx, Berlin tSI5, printed by R. W. Schade), 
mittheilungen t.Series no.2, Dariability of I9eights. 

t. ' '6, 6lectrical phenomena obserued in weights of rodi-crystal and glass. 
t. -34, I9eiahts of yellow metal 

2. - - 3, On fhe after-test of the Controlling Standards of gold coin uieights. 

3. - - S, the first recurrent test of the Standards of tSS9 for Controlling 

commercial cast iron weights. 

Zusammenstellung der für eine gleidurtige Rusführung der periodisdi wiederkehrenden Prü- 
fungen und Beriditioungen der normale, bJaagen und normalapparate der RidUmter wesent- 
lidien 6esiditspunkte und Dorsdiriften. Dom 15. Januar tSI9. (R reoieu) of the aspects and 
requirements goneming the uniform Performance of periodically recurring evaminations 
and corrections of Standards, balances and Standard appliances ror testing stations, t5th 
of January tSI9.) Published by W, Moeser, Berlin. 

Die Herstellung und die wiederkehrende Prüfuno der Hauptnormale und Kontrolnormale [the 
production and periodical evamination of the original and Controlling Standards), tSS6. 
published by 19. Moeser, Berlin. 

12. Prototupe for Rlcoholometers dioided in percentages by oolume. this set consists of I spindles 
madebyXC. Dreiner sen. & Sohn, of Berlin, the dioisions aduance in tenths of percentage and 
admit of thotisandths being estimated. the Standard reads percentaaes of tralles's scale of oolumes 
and is calibrated within 0*001 percent for a normal temperature or tSVi'^R* (l^Vi^^C.). 

13. ProtohJpe for Rlcoholometers dioided in percentages by uieight. this set consists of 6 spindles 
made by J. C. ereinersen. ASohn, of Berlin. 1t is a copy of the fundamental Standard and, like 
this, reads to 000 1 percent at the legal normal temperature of t5'*C. 

14. Standard Hydrometer, this set, made of Jena glass by J. C. Oreiner, of Berlin, consists 
of 30 spindles and embraces a ränge of density of 0*63 to 300. £adi spindle comprises an internal of 
1*01 of the densitu and is diuided into half units of the third decimal. the set is primarily intended 
br testing mineral oil hydrometers and sulphuric acidmeters, but is also aoailable as a Standard for 
tges and other fluids. tne normal temperature is 15"* C, and the marimum density of water is taken 
as the Unit of density. 

tS. ItOO Hydrostatic Balance Floats. these noats are made of Jena glass and haoe a oolume of 
about 300 ccm and a mass of 300 and 500 g, their densities being accordingly 1*5 and 3*5 respectiuely. 
the floats are employed for standardizing hydrometers at a constant temperature, whereas the thermal 
mmsion of fluids is measured by means of smaller floats of 50 ccm readily acquiring the temperature 
or the surrounding medium. 

16. Standard Sacdiarimeter graduated in percentages by toeight. this set consists of 
} spindles, eadi of whidi embraces a ranoe of 30 per cent and reads to 0*1 per cent. the Instruments 
haoe been made of Jena glass buJ. C. Oretnersen. &Sohn, of Berlin, their errors haoe been calibrated 
to 0*001 percent, both at the legal Oerman Standard temperature of 30"* C. and that of t5'*C. 

See also Mittheilunoen, 3. Series no. 6, Dorsdiriften über Fehlergrenzen, Prüfung und Beglaubigung 
mm Sacdurimetem (Directions respecting the admissible limits of errors and the evamination and ccr- 
Hftatton of sacdurimeters). 

IT. Milk Hydrometers. R spindle made of Jena glass by J. C Oreiner sen. & Sohn, of Berlin, 
embracing a ränge of densities from 1*0194 to 1*0406 and readina to two units of the fourth decimal. 

the Instrument reads, at the Standard temperature of U^'C, dfensities referred to that of water at 
19* C taken as the unit, and semes for testing ofRcial lactometers. 

tS. Hydrometer for Beer, this set consists of two spindles of Jena glass embracing ranges from 
1*0091 to 1*0559 and from 1*0531 to 1*0565, and reading to units of the fourth decimal. the Standard 
Irmperature is 11*5'' C, and the readinos refer to the density of water at the same temperature taken 
a the unit. the spindles are accurately tested within units of the fifth decimal. 

the folUnoing ätt among the works and tables published by the Imperial Office of Standard bJeights 
and Measures relating to alcoholometry and hydrometry:-' 
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ffdraMOsAcr Beilrat flo. f, KayUtorit Wf ■■Ir rj aiift ■ vm Dr. B. ttrimsirim, Bcrlhi Ulf, 

Ocrlag vm Jmtiiis Spriiifer (bnxsti|atiMtf m cipilljril) ^ Dr. B. tteimstein, Bcrttn 

tMf, pttblislicd b9 Julius Sprimferj. 
fldroMMisArr Bdtrig flo.I, lieber die Bcslinnna vm flrio«elcni VMiDr.B.tteiiisreiii, 

Berti« %$$$, OerUa mm Julius Spriiifer (Ob Nie aiJttstweKl of I mdr i w eter s b^ Dr. 

B.ldeiiisreiii. ÜerttB Uff, published b^ Julius Sprinter). 



ffittliettinifn t. Series flo. $, Benelnnifni fwisAen de« lUifMe« eiacs Ootane«- und eines 

6ewiAtsaiiiohoi— eferi (ReUNpss between ikoholometer read- 
i«9S bii ootvne aad b^ «eigiir). 
1. - tt, KapttlaritltsmlersadnnmeB mid ihre I ktwe i t t uii ig bei der Be- 

sHmaung der alhohotoMetrisdn tlornule (Researdies on captt- 
Uritip and tbeir appUcaKon in tbe ad jnshnent of alcoliolimietric 
Standards), 
t. - 19, Heber die BesKnannna oon Rrlometcrn «it bcsondemr Rmoen- 

dnng auf die Teststetning der denlsd^n Iknmule ffir Rtlioiiolo- 
meter (On Hie adjnslwenl of hytrow eter s witli special rraard 
to Hie estabtislment of ttie Berman alcoliolometric Standards). 
1. - 1), lieber die amttidie B^lanbionng non Arlonietem (On ttie ofllcial 

certiftcation of t^dromelers). 
t. -33, Beiietitnigen iwisdien den Rngaben eines Bewidits- und eines 

Oolnmenaliioliolometers, soioie lunsdtfn toalnren Oolumenproien- 
ten und wahren Beioiditsproienten (The relations betioeen at- 
coholometric readings bu »eiaht and b^ notnme, also between 
the tnie percentage readinos bt| ootnnie and b^ »eight). 
t. ' 'I, S, tl, Oorsdiriften fiber fehfergrenjen, PrfifnnQ und B^laubigung 
non Rlkoholometem und Rraometem (Dirccnons respecting the 
admissible limits of error in the eramination and certiAcaNon 
of alcoholometers and hydrometers). 
Tafel zur 6rmittelung des Rlhohotaehaltes oon Spiritusmisdiungen. Rmtlidie Rusgabe. ttts. 
Julius Springer, Berlin, (table for determining the proportion of aicohol contained in 
alcoholic mtftures. Offlcial edition. tSSS. Published mi Julius Springer, Berlin.) 
tafel zur Ermittelung des Rlhoholgehaltes oon Spiritusmisdiungen. &gliiiiiiigstaftt für tuidi- 
prozentige Spiritusmisdiungen. tSSS. Julius Springer, Berlin, (table fbr determhiing 
the Proportion of aicohol contained in alcoholic mirtures. Supplementär^ table fbr high 
percentage spirit mirtures. tSSS. Julius Springer, Berlin.) 
tafel zur Ermittelung des Rlhohotaehaltes oon Spiritusmisdiungen. Rusoabe fßr Bewidits- 
alhoholometer. tSSS. Julius bprinoer, Berlin, (table for determhiing the proportion 
of aicohol contained in alcoholic mirtures. Edition for alcoholometrn by weignt. UtS. 
Julius Springer, Berlin.) 
tafel zur Ermittelung der Stärhe oon denaturirtem Branntwein. Rmtlidie Rusgabe. tSfS. 
Julius Sjpringer, Berlin, (table for determining the shmgth of methvlated spirits of 
wine. Ofncial edition. tSfS. Julius Springer, Berlin.) 
tafel zur Ermittelung der Didite oon amerihanisdiem Peh^oleum und dessen Produhten mittels 
des thermO'Rriometers. tS93. Julius Springer, Berlin, (table for determining the 
density of Rmerican peh^oleum by means of a thermo-alcoholometer. ttfl. Julius 
Springer, Berlin.) 
tafel zur Ermittelung der Didite oon Braunhohlentheer-Destillaten mittels des thermo-Rrlo- 
meters. IS92. Julius Springer, Berlin, (table for determining the density of coal-hu' 
distillates by means of a thermo-hydrometer. IS92. Julius Springer, Berlin.) 
Zusatztafel für russisdies Peh^oleum und dessen Produhte zu der tafel zur Ermittelung der Didüe 
oon amerihanisdiem Peh'oleum und dessen Produhten. tS99. Julius Springer, BerthL 
(table for Russian peh^oleum and its products; Supplement to the table for detemUnhia 
the density of Rmerican peh'oleum and its products. IS99. Julius Springer, BerUn.] 
Rnleitung zur steueramtlidien Ermittelung der Didite und des 6eu)idites oon amerihanisdiem 
und russisdiem Peh^oleum mittels des thermo-Rräometers. IS94. Julius Springer, 
Berlin. (Directions for determining, for the purposes of evcise, the densitu and wetaht 
of Rmerican and Russian peh^oleum by means of thermo-hydrometers. Uf4. Julius 
Springer, BerUn.) 
Zusatztafel für mineralisdie totditdle zu der Rnleitung zur steueramtlidien Ermittelung der 
Didite und des 6eu)idites oon amerihanisdiem und russisdiem Petroleum mittels des Thermo- 
Rräometers. tS94. Julius Springer, Berlin. (Supplementary table to dhrccHons ftnr 



SecHonl. 2 t 

detaminino, for the pttrposes of orcise, the densih^ and toeight of Rmertcan and Russian 
Petroleum by means of rhe thermo-hydrometer. IS94. Julius Springer, Berlinj 
Tafel lur zollamHidien RbferHguna von DersdinitNlJeinen und -Flössen. tS94. Julius 
Springer, Berlin. (Table for Ihe customs evaminaHon of diluled wines and musls. tS94. 
Julius Springer, Berlin.) 

19. IlOO Ihermometers dtoided into 0'0t<> C, made of Jena glass by R. Fuess, of Steglitx, 
near Berlin. They are used in the process of slandardiiino Hydrometers, uihere Ihe measurement of small 
oscilUhons of temperahire is required. The ränge of fite gradualions is sudi as to cause Ihe hydro- 
metrically imporlanl interoal of 15 lo 30*" C. lo occupy the inlermediale porlion of Ihe scale. The Ihermo- 
meters are prooided uiilh a Short freezing point scale so as to pertodically ascertain oscillations of 
the freeiing point. These thermometers possess ooer the ordinary thermometers diuided into Ol'' the 
adoantaae of afTording more accurate readings, uihidi is particularly desirable with cloudy and semi- 
opaque liquids, and haue prooed most satisfactory in this respect. 

20. Rpparahis for customs determination of the perctntage of alcohol in brandies, 
Uqueurs, tsstncts and fruU-juices, consisting of:— 

t hudrometer jar of tOO ccm capacitu; 

2 alcoholometers, for to 90 percenr, and 39 to $1 percent; 

t burette of 900 ccm uiith stand and holders. 

2t. Rpparahis for customs determinaHon of the percentage of alcohol, sugar and 
eitracts contained in laines and musts, consisting of:-- 

2 thermo-alcoholometers of to 13 per cent and tO to 33 per cent respectioely; 

3 thermo-sacdiarimeters of to ts and 15 to 9 t per cent respectioely; all accessories and 

t one-quantity pipette of 50 ccm; 
t burette of 50 ccm dioided into Vio ccm, 3 burettes of 35 ccm dioided into Vio ccm, t grad- 
uated glass measure of tOO ccm dioided into Vi ccm. 

22. Chemical Measuring Rppliances. The evhtbits comprise a selection of the most generally 
used diemical measuring glass appUances, e. g. burettes, pipettes, graduated cylinders, flasks, &c., sudi 
as ätt admitted in 6ermany to ofricial tests and certiRcation. These tests are made in accordance uiith 
the decrees of the International Congress of Rpplied Chemistry, held at Paris in tS96, and are calculated 
to ensure to the analyst a certain degree of accuracy, inasmudi as certified appliances are required to 
satisfy certain conditions as to construction and accuracy. 

The computation of the total and subdioisional capacities is based upon the litre, i. e., the space 
occupied by t kg of uiater at its marimum density. 

Rccording to eiisting requirements the appliances are certiRed for temperatures of 15% 11*5'* or 30"* C, 
for measurement bi^ pouring in or out. Tne number of glass appliances thus certiRed in 6ermany 
eiceeds S0,000 withm the last 5 uears. 

Some of the appliances seroe for the evamination of sugar, others for ascertaining the oiscosity of 
oils, and yet others for titration, analysis of fiisel, &c. 

OfRcial miblications relating to diemical measuring appliances will be found in flittheilungen t. Series 
no. 33; 3. beries Ros. 4, 5, 6 or the Imperial Office or Standard IJeights and Measures. 

23. Siemens's Rlcoholometer for determining quantities of spirit and alcohol in distilleries. 
The quantity of spirit is measured by a drum fitted with three measuring diambers surrounding a 

cuUnder. The spirit flows through the latter into that measuring diamber uihidi happens to occupy 
tne knoest position so as to fili it, after whidi it passes into the second diamber at its side. This 
causes the drum to tum, uihereby the first diamber ts made to empty itself, white the second dumber 
takes its place. The movement of the drum is recorded by a counter and dial. 

Tlie strength of the spirit is measured preoious to its entrance into the measuring drum. For this 
purpose it is passed into a tank through a speciallu arranaed System of pipes where it is at the same 
Hme automatically mired. The tank contains a fioat attadied to the free end of a spring whidi is 
depressed more or less according to the strenoth of the spirit and the corresponding buoyancy of the 
float. The spring actuates a leoer uihidi indlcates on a plane curue the position of the float and, 
aaordingly, the strength of the spirit. 

The strength is registered by means of a trifoliated cam attadied to the drum shaft, upon the rim 
of u)hidi glides a uineel attadied to one arm of a crank-leoer, whilst the other arm with its foliated 
curoe describes a reciprocating movement, uihidi, houieoer, by contact toith the cam-lener, is limited in 
sttdi a toay as to cause the curue to describe an angular movement corresponding to the strength of 
the spirit The crank-leoer is coupled to the ** alcohol wheer* bu a spherical ratdiet in sudi a manner 
as to omstrain the wheel to folloui only that movement of the curoe whidi is directed to the left. 
The toheel htms accordingly in one direction only, the angle of rotation being proportional to the 
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strength of Hie spirit. \\s mooement is transmitted to a ccwMtinq dlal tohidi indicates thc quantthi 
of alcohol contained in the spirit 

24. Siemens's Samplfr. this apparahts registers Nie quanhhi of liquid passed Hirough i\ and 
at \ht samt Hme abstracte a sample of the latter. Ihe drum of Ihis apparahts is similar lo ttul of 
ttie alcoholometer, but in addilion, il is fltted witti ttiree sample lakers. From Ihese ttie samples fUno, 
al eadi disduroe of ttie measuring dumbers, inlo a tank where Hiev '^ alUnoed \o accumulare. From 
Ihe slrenglh or ttiese accumulated samples, as ascerlained b^ means of an alcoholomeler, and Ihe reg- 
islered quanttlu of spiril il is easy to calculale Ihe quanttly of alcohol conlained in ttie sptrit 

6erman disrilleries are jproDided uiilh 600 alcoholomelers and 400 samplers, all made bu Messrs. 
Siemens Brothers, of Cnarlottenburo, and cerHfied by the Imperial OfRce of Standard lOetghts and 



Neasures. Ihis Office is also responsible for the supreme tedinical superoision of the worhing of these 
appliances. Ihis superoision is elfected partly b^ its oum ofRcers and par ' 
at the Office of Standard bJeights and measures. 



PublicaHons:-' 

Rnleitung lur steueramtlidien Ermittelung des Rlkoholgehaltes im Branntwein. RmtUdie Aus- 
gabe (3. DerooUständigte Ruflage) tS90. Julius Springer, Berlin. (DirecHons for the 
determinatton, for the purposes of eicise, of the percentage of alcohol in spirits. OfRdal 
issue r2nd enlarped edttion). tS90, published bu Julius Springer, Berlin. 
Zusatztafeln für geringhaltige Branntweine zu der Rnleitung zur steueramtlidien Ermittelung 
des Rlkoholgehaltes im Branntwein. Rmttidie Rusgaoe. tS9S. Julius Springer, 
Berlin, nobles for under-proof spirits, supplementaru to the Directtons fdr determining, 
for ezcise purposes, the percentage of alconol in spirtts. OfRdal issue. U99. Julius 
Springer, Berlin.) 

25. Standardizabtf 6rain-testers, for ascertaining the qualitv of grain, made in tS99 by Messrs. 
Sommer & Runoe. these appliances are made in two sizes, oiz. for tl and %\, those erhibited 
äxt used by the Imperial Office of Standard bJeights and Measures for standardizing purposes. they 
are accordingly made stronger than those in ordinary use, so as to oboiate deformattons as far 9S 
possible. 

Cadi apparatus consists of:-' 

l. a balance prooided uiith the requisite toeights; 
3. a measure slotted at the top; 

3. a Short cylinder, knoton as the fore-runner; 

4. a scrapino knife; 

5. a fillina tube uihidi can be firmly placed upon the measure; 

6. a toooden plate to dt the measure. 

the measure is nred on the wooden piate, the knife is passed into the slot, the fore-runner is then 
placed upon the measure and the filling tube firmly fitted to the measure. the orain is carefully 
poured in and leoelled off uiith some straight article. the withdrauial of the knife will cause the grain 
together with the fore-runner to fall into the measure. the knife is then again passed through the 
Slot, the result being that any grains whidi hajppen to be clamped between the knife and the wall of 
the measure will be cut throuah. the superrtuous grain is then poured out and the flllina tube 
remoued. the measure with \xs contents is weighed, and the weight of the measure and fore- 
runner being balanced by a counter weight, this Operation shows at once the weight of tl and V4I 
respectioely. 

Official publications by the Imperial Office of Standards relating to the grain-tester will be föund 
in the 

Mittheilungen, l. Series Ros.U, 16, 18, 21 and 22, 
2. - - I and 8, 
and in the foUowing publications:-' 

lieber den durdi 6rlass uom 14. Mai 1891 zur Ridiung zuoelassenen Rpparat lur QualitXts- 
bestimmung des Getreides (6etreideprober) ; herausgegeben uon der Kaiserlidien normal- 
RidiungS'Kommission, Berlin, Julius Springer, 1891. (On an apparatus for lesttng 
the quality of grain (grain-tester) accepted as a Standard apparatus bu a decree dated 
t4th of May 1891, issued by the Imperial Office of Standards, Berlin, published by Julius 
Sprinaer.l 
tafel zur Uergleidiuno der Rngaben des aidifähigen Getreideprobers mit anderen beim Getreide- 
handel üblidien dtualitätsbestimmungen. 1899. Julius Springer, Berlin, (table for 
comparing the indications of the standardizable grain-tester with other commercial methods 
of ascertaining the quality of grain. 1899. Julius Springer, Berlin.) 
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2. Tdax Bekel, Hamburg, 3 Rossberg. 

Manufachirer of Precision Batances. 
Established t$55. 

Holdrr of auiards for eiceUfnce of uiorkmanship in Precision Balances. 

HiwiiMiifiimiiiHTiiiuBii 




PhystcaU CItmical and tcdinical Balances. Rssay Balances for precious metals. 

Specific eräi\^ Balances. 

Balances loih opHcal reading appliances. 

Balances ftted loith mechanism for char^inguiith closed case. Balances of hoo degrees 
of sensiHnenei for analylical and ledinical uieighing respecHoely. Balances fitted toith secondary 
differentUl baUxe fD.R.6.W.). 

I9eights of pebble and gilt metals. 

Detailed Catalogues on application. 

telegraphic address :-'"Bekel Hamburg.** 

»^ »^ »k 2k Tbk Xk »k% TOkTOk Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk IK Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk Tbk 7b^ 

3. J. & R. Bos&u Strassburg, Rlsace. 

Philosophical Instramtnt Mähers. 

(See also SecHon Hla.) 

Rnalytical Balance for a mafimum durge of 300 g, in double 
casing. Ihe addition of t mg produces a deflecHon of 10®. the 
beam and medunical parls are encased during the weighing 
Operation; dianges of temperature and the heat of the body produce, 
therefore, no perceptible effect. tlie balance is oery constant. fleans 
for adjusting the ares are absent, ei perience haoing shouin adjust- 
able afes to be a constant source of error, the balance is ntted, 
to Order, with agate knife-edges. 
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4. R.Brunn^e (lateDoigt&Hodigesang), ßöttingen. 



Mechanician. 
(See also Sec^ion Vg.) 



t. RnalyHcal Balance fbr a Charge of 500 g. 

2. RnaluHcal Balance for a Charge of 200 g. these baUnces are or an entrely neto con- 
shitcHon. fKeg. in 6enn. D.R.6.R no.9t,SIt, 9t,SI3; Rmerican patent no. 694,495.) Itv beam is tiiah 
and stifT; the stifTening struts are spread outwards and fonn a roof-shaped skeleton joined at the 
centre by a Suspension blodi. the tonole middle part of the beam is clamped by the tointer carrier. 
the beam, though light in itself, possesses a oery high carrying power; it is also lirle afTected by 
dunges of temperature, being entirely made of uniformlu hard-roUed sheet aluminiun or argentan 
and consistino, apart from the pointer carrier, of only noo parts Rrmly joined together by a feto 
fine rioets. the load is uniformly distributed ooer the entire length of the central aris. 




the balances are Rtted uiith an entirely neto deoice for lifting the beam ofT tM aqate pans. (Reg. 
in 6erm. Ho. 9t, Sit.) the small stems seruing to lift off the stispensions are riidfy attadied to the 
beam, so as to ensure absolutely accurate replacement of the knife-edges eoen if It toere possible for 
the beam to be gripped in an inclined position. 

the riders can be shifted by an eitremely smooth movement, tohidi cannot in at(| toay be disturbed. 

this balance toas shoton for the first time at the 6yhibition of nooeltid connected toith 
the TOth Meeting of the 6erman naturalists and Physicians held if Düsseldorf, and 
toas atoarded a diploma and a special certificate of ei cellence. 
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5. Paul Bunge, Hamburg, ts onostr. 

Medianical Institute. 

established tS66. 

Specialiti): Physical and Chemical Balances and Ueights. 

6old Nedals and Diplomas: 
Dimna tST3, Hamburg tST6, Brüssels tSSS, Hamburg tSS9, Chicago tS93, Brüssels tS9I. 




Tig. l. 



t. Ptiysical and Rnalytical Balance for a mairimum diarge of 200 g. ihis baiance ts 
aDatlable for rapid working mithin Vio n>g, or for a mafimum degree of eiachiess within V200 mg, 
vhidi can be read direct as diuisions of a scale. the afis and bearings and all supporting parts of 
the beam, sHrrups and pans are made of agate. the beam is 0't9 m long and made of the finest 
irgentan and, though oery Ught in itself, is eitremely rigid, the pans are of pebble. Tig. t. 

2. Hnalytical Balance for a mairimum diarge of 200 g with patent deoice by whidi the 
apprortmate weight of the durge can be read as soon as placed upon the scale-pan. Tig. 2. 

Beloio the right hand end af is of the beam is situated a small round spindle, from uihidi the hook 
of a tcoer baiance can be suspended, when it is required to throw it tnto play. the scale of this 
leDcr-balance, whidi is neru large and distinct, is situated behind the column so as not in the least 
to intnfnre with the accesstbility of the baiance case. this arrangement is particularly useful for fre- 
(uent loeighing of bodies of oarying densities. 

3. PhUSical and Rnalytical Balance for a marimum durge of 300 g, with an arrangement for 
iilerdumguia tlie pans without opening the case. R detailed description will be found in the firm*s 
prindpal Caralogue of Balances no. t g, p. 3t. Tig. 9. 
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Fig. 2. 



the eues are thereby not strain- 
ed in me teast since the opHcal 
readtng is onlu taken at the 
last moment; morcoüer, the 
maaniRed scale is seen loith 
both eyes. the use of both 
scales entails, in fact, no incon- 
ueniences of any kind. 

5. Physical and Rnalt)Kcal 
Balance for a load of 500 g, 
loith reading collimator and an ar- 
rangement for medunically diar- 
ging and disdiarging the weight 
pan without opening the case. 

the folloioina are the adt^an- 
tages uihidi this balance pos- 
sesses as an instrument for re- 
seardi and diemical analysis and 
tohidi are not shared by other 
balances:-' 

the uieights are placed accurate- 
ly centralis upon the pan toith- 
out friction, or the risk of shodi 
or accidental dropping, bu purely 
medianical means, Rrst by slid- 
im the carriers, haoing the oalue 
of^the respectioe uieiants marked 
upon them, front right to left as 



I3ith this baUnce double weighfais 
can be carried out in almost ttie saae 
time as Single weighin^ in other bal»- 
ces, since, after settin^ the baümcc m 
and noting the ratio of the beam, it b 
not necessaru to determine the uro poM; 
for a slighf displacement of the m 

Eoint, as well as anu deoiation ta tk 
eam, are eliminated di| the final neai 
of tuK) readings. this form of balanor 
is well-nigh indispensable fdr absotab 
weighing. 

4. Rapid Precision Batance firr 
a madmum durgt of iW% 
with tuK) superposed scales read by a 
lens-mirror. the beam is of gilt gm- 
metal. Fia.4. 

the baumce Swings oery rapidlu. and 
Vjo mg are read directly with me aü 
of a lens-mirror, i. e., an adiromaHc 0b- 
jectioe haoina a siloered badi, »iiMi 
magnifies, without reflections or disior- 
tion, the whole of a milh-slass sak 
30 mm long and dioided into Vi ■■ 
and mounted above the ioory scale. 

bJeights in terms of mitli- 
grammes are rtäd from the ioory 
scale, a glance on the alass scale 
as seen in the mirror being onty 
required in order to estimare the 
tenths of a milUgramme mith 
certainty. 
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ur as the stop loUl alloto; then by himitM a 
ranli from onc disHnctly marlifd posiHon mo 
tnothcr, and thirdlv in mooing the carriers badi 
KS far as the stop on the riaht. the reoersed 
iroccss is adopted for Ufting ttie weights ofT. 

Ii9ith other balances in uihidi the indei scale 
rmbraces t mg only, repeated arrests and releases 
ITC required tn order to find front the position 
)f tlie rider the third and fourth pUces of decimals, 
»liereas in this balance, in tohidi the pointer is 
Mili| deflected one degree per miUigramme, and 
Bhcre, therefore, the entire scale encompasses 
i ccntigramme, the third place of decimals can 
bc determined by the first stoing, and after one 
irrest and release the fourth place of decimals 
may bt read and the fifth esrimated with the 
aid of the collimator. By combining the low 
Position of the centre of araoity toith oery eiact 
rcadinos the rapidity of the oscillations has been 
redvced as compared toith that of a similarly 
sensitioe balance in the proportion of t:]/tO 
aatf yct noudtsafes a ten times greater degree 
of constancu in the sensitit)eness of the balance 
«itti dianging durges. Ihe beant is made of 
the flnest argentan. Ihe ares and bearings as 
»ett as the supporting parts of the beant, stir- 
mps and pans are made of agate. the beam is 
rtf m long. 

6. Physical Balance for a mairimum charoe of t kg, ror adjusting and comparing stan. 
dard toeights. (Property of the Bureau International des poids et mesures, at Stvns near 
Paris.) 

this balance is adapted for working at a distance of 5 m so as to oboiate the influence of the heat 
of the body upon the accuracy of the balance. 
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6. 6om. Kern & Sohn, Ebingen (Würtemberg). 

Makers of Precision Balances and Ueights. 

t. Precision Balance ror tedtnical purposes, to carry a durge of 10 kg, seitsitit)e to Viooooo of 
the durge, toith leoer for liftino beam and scale-pans, the beam lifting off its bearings by means of 
supportittg arms. ttte tohole balattce is mounted upon a bor. 

2. Precision Balance, to carry 500 g. sensitive to Viooooo of the dtarge, Rtted uiith leoer for 
lifting beam and scale-pans, mounted upon bor Rtted uiith leoelling-screws, uiith beam supporting 



9. Precision Balance, to carry SOO g, sensitive to Vmooo of the durge, fitted uiith leoer for 
Ufitag tpcam and pans, toithout beam supporting arms, mounted on bor. 

4^ Hssail Balance, to carry 5 g, sensitioe to Vio mg, uitth platinum pans, encased in glass. 

I. Precision Balance, to carry S kg, sensitioe to V20000 of the dtarge, mounted on brass column, 
vM tifHng leoer. 

6. Dispensing Balance for druggists, Dr. flohr*s pattem, mounted on a brass column uiith um, 
the beam stoinging in front of the column, to carry t kg, sensitioe to Vtoooo of the durge. 
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T. Dispensing Balance ror druggists, mounted on brass column with angle bradirt thf baut 
himing in rhe centrc of \ht column, lo carrv 500 g, sensiHoe lo Vmom of Hie diarge. 

S. Retailing Balance mounled on obelisk-shaped Iron stand of lalesl conshmctimi, U cirri 
3 kg, sensiHoe lo Vmom of Hie durge. 



9. Set of Druggisfs Hand-scales. 
tO. Set of 6ramme tSeighte for dmnists, apothecaHes and dealers. 



ememememememememememememtmememomemomomcmomemcmomcma^m 

T. T. Sartorius, ßöttingen. 

Philosophical Instrument Maker. Speciality: Rnalytical Batances and Urights. 

t. Short Beam Rnalytical Balance toiHi aluminium beam, in mahoganv case, loith baUna« 
front rider-sUdf, mounted on a base of bladi platt glass. RH metal parts arc platiniied. the häUna 
is adapted for a diarge of 5 g and is sensitioe to 0*03 mg. 

2. Short Beam Rnalytical Balance witli aluminium beam, for a diarge of tOO g and scnsiti« 
to 0'05 mg, fitted in an elegant brass bronze case and mounted on a base of bladi plaic glass. 

3. Short Beam Rnalytical Balance with aluminium beam, for a durge of 300 g and smsimt 
to O't mg, fitted in a fievagonal metal case and mounted on bladi plate glass. 

4. Short Beam Rnalt)tical Balance witli aluminium beam, for a durge of 1,000 g and smslHK 
to Ol 5 mg, in a Rnely polished mafiogany case with balanced front rider-sUde and mounTrd on bUA 
plate glass. 

5. Short Beam Rnalt)tical Balance with a trianguUr beam of gilt phosptior-bronit, for i 
diarge of 500 g and sensitioe to Ol ma, in a polished mahogany case loith balanced fhmt rider-slide. 



mounted on bladi plate glass and Rtted loith an arresting arc. 

6. Short Beam Rnalt)tical Balance with recttUnear beam of phosphor-brome and brass column. 
for a durge of 200 g and sensitive to Ol mg, fitted in mahogany case and mounted on bladi plate glass* 

T. Short Beam Rnalt)tical Balance with rectUinear beam of phospfior-brome and grrnt bronicd 
column, for a durge of 200 g and sensitive to 0*1 mg. 

S. Short Beam Rnalt)tical Balance with pierced triangulär beam, fitted with means for mrasur- 
inc| the degree of sensitioeness, encased in a walnut loood-frame and mounted on a loalnul sott-plate. 
this balance is capable of carrylng 10,000 g and is sensitive to 3 mg. 

9. Bi-adal Specific 6raoity Balance for fiuids, with steei appUcation points. j 

to. Bi-airial Specific 6raoitl) Balance for fiuids and soUds, with steel applicaHon points. 

tt. Precision Balance with beam and pan arresters, for a diarge of 3 kg, nidieled. 

12. Precision Balance with beam and pan arresters, for a diarge of 1 kg, lacquered. 

13. Precision Balance with beam and pan arresters, for a durge of 300 g, nidieled. 

14. Precision Balance with beam and pan arresters, for a durge of 50 g, nidieled. 

15. Rnalytical Ueights, set of 50 g, gilt. 

16. Rnalytical Ueights, set of loo g, lacquered. 
IT. Rnalytical 1;9eights, set of i,ooo g, putiniied. 
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8. Rugust Sauter, Ebingen (Würtemberg). 

Viaher of Balances and Ueights for Chemists, Pharmacists and Dealers. 

Cstablished t«56.— Proprletor since t«T4: £ouis RrmbrusJer. 

leUgraphic and Postal Mdrtss: Rugust Sauter, ebingen, WMtmbtrq. 

Rwards: £ondon IS63; Paris tS6T; Dienna tST9; Stuttgart tSSt, Süofr Medal. 

t. Hnalytical Balance for a diarge of 200g, Fig.t, sensitioe to otmg, wttii short beam 
of aluminium, beam and stirrup arresters, brusfi dampers for steadying the pans and rider-sUde for 
ttieightng 0*1 to 1,000 mg witfi closed case. the balance ts mounted on bladi plate glass and surrounded 
by an elegant brass-bound glass case fitted uiitfi Tour aluminium sliding doors. Ihe bearings and 
knife-edges are made of agate and do not contain any steel or iron. 




2. Rnalyttcal Balance for a diarae of 200 g, rig. 2, sensiHoe to 0-2 mg, witti short beam 

oT aluminium and pans SO mm in diamerer, beam and stirrup arresters, brush dampers for steaduing 
the pans and rider-slide for weighing 0*1 to 1,000 mg with closed case. Ihe balance is mounted on 
a plate-olass and surrounded bu a glass case in mahogany frames fitted with tmo side doors and 
balanced front sliding doors. the bearings and knife-edges are of agate, and the use of iron and steel 
is aooided throughout. 

In addiHon to these analytical baiances, the evhibits include a few others adapted for durges of 
30, 50 and 100 g respectinely, as mell as an assay baiance. 
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3. Short Beam Balance for ledinical Purposes, toitti aluminhim beam, Fif.s, sei 

Hve \o 3 mg tohcn urruing 300 a, or \o to mg undcr a load of I kg, müh team sHnmp mnesii 
toorked by a um and roiler, and brush steadier for the pans. 




Fig. 3. 



ri9.4. 



4. Short 

Hve to tmg 
for Hie beam. 



Bf am Balance for ledinical Purposes, toith aluminium beam, rig.4, sa 
tohen carrying 50 g, or to 30 mg under a load of 10 kg, toiHi «hcet ind cam arrc 

5. Precision Balance for ledinical Purmses fo 

durge of 50 kg, Tio-S, sensiHDC to 10 M AHcd lotth n 
40 cm in diameter. the balance has a shoit team ind is flt 
with beam and sHmip arresters fbr tifHna off Hie ceilfat i 
end knife-edges. the uprights are made of Mi* enamellciiri 
the beam, suspenders, pans and duins art of brasi. Ihr 
resters are toorked bu a toheet and um. the 4cgrce oT Ui 
tiDeness un be varted b^ a sUding wOjItä on the pohd 
R similar balance is made on the same plan fior a dw 
of 100 kg. 





Tig. 5. 



Tig. 6. 



Tlg.1. 
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6. Hand Dispenstno Scale S, o( brass, rig. e, or an improved panem nned toith prismaHc knire- 
tiges and suspendcrs, ofvarious urryinq poioers. 

T. Uestphars Single Rrm Specific 6rauih) Balance ror riuids. rig.!. 

8. Portable Preise Balance ror Uelght Inspectors. the beam has on one side hoo knife-edges 
sihuted at distances t : to and t : 5 from the central knife-edoe. the Standard toeiahts of t, 3 and 3 kg 
sttfRce to test toeiahts of 5, tO, 30 and 50 kg. the batance Ts sensitive toithin the tenth part of the 
Umtt alloioed by the 6ennan &rcise Department. 

ackckaaaaaaaaaaaaaaaaaaaaaaaaaaaa 






9. I;9ilh. Spoerhase, late C. Staudinger & Co., 

ßiessen (Hesse). 

Phtjsical and Medianical Works. 

(See also Section 111 b.) 

tMs flrmioas established in IS43 bu Carl Staudinger. 1t was subsequently carried on by Frani 
itiL von 6ehren, and since tSSS nas been the sole property of Uilh. Spoerhase. 

Rfencies in Munidi, Condon and Philadelphia. Branches in Munidi, 10 Sonnenstr.; Condon, 
Page St., Uestminster, S.W. 






Tig.l. 



Fig. 3. 



Fig. 2. 



t. Precision Balances and lOeights ror Physical, Chemical and tedinical purposes. Rnaly- 
ticat Balances of the most approved type for use in unioersitii and toorks laboratories. 6old and 
Siloer Rssay Balances of flnest workmanship, sensitioe to 0*01 mg. Specific Graoity Balances. 
Balances for heaoy charges, $tc, Fig. l and 3. 

2. Cathftomcters or approoed original construction: nein model toith correction o( telescope abooe 
tfie lero point of the oemier, so as to directly neutralise prismatic aberrations. Fig. 3. 
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to. R. üerbeek & Petkholdt, Dresden-RUstadt, 

4 Gärhiergasse. 

RnaltjHcal Balance of constant sensitiuentss, toith arransemcnt tot arrcsHns Hv bi 
and lirttng the central aris from the central planes and the end planes from Hie cnd knioes. 
central knioes and the three planes are made of agate. ttie scale pans are made of stiert nidtd 
are steadied b^ means of a brush arrangement. üie balance is fltted toith sliding rider lifter» hi 
fitted to the rider arm a device preventtno the rider from leapina off the hook. tlie bottom o( 
case is floored toith a bladi glass plate, irs frame beina made or mahogany. Botti front doors 
the remoDable centre pane are of srout plate glass toithout toooden frames, and tliere an hoo 
doors and a sliding toindow at the badi. 6adi pan takes a durge of 300 g, and an additional A 
of t mjg produces a deflection of 5"*. 

R disrinctiDe feature of this balance conststs in its constant sensibility. the deflection of the poi 
in this case 5"* per l mg of wetpht added on one pan, is absolutely independent of the total ik 
the deflection is, therefore, directly aoallable for determining the smallest dtfferences of loriaht «ril 
the necessity of accurately balancing the pans. In addition, the balance stoings rapidlv; me pn 
of weighino is, therefore, considerabfy shortened by this method. 

Price-lisrs may be had free on application. 
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IL Rstronomical Instruments. 

t. Hans Heele, Berlin 0. 2T, to4 Grüner weg. 

Mfdianician and OpHcian. 

Bf also Section 1, Sub-£ihibiHon of tht Imperial normal-Ridiungs-Kommission, and Iht Sub-£ihtbitton 
of Ihe Imperial Physical and tedinical InsHhite.) 

t. Rstronomical ObjfcKofs for Dtsual and Photographie Obstroation. 

a. lelescope Objectioes, free from secondary spectrum, corrected for rays evtending from 
to F and made from neto, absolutely permanent glasses manufachired by 6d. Mantois, of Paris: 

1. 530 mm diameter and 10 m focus 

2. 150 - ' . 2 . . 

3. 120 - - - 1-6- 

b. Astro-photographic Objectioe, corrected for the G and Hy rays. 115 mm diameter and 
m foctts. 

c. Apochromattc Objectioe, sattsfying the sine formula and Gausses postulate, for therequire- 
mts of spechiim analysis; 75 mm diameter and 600 mm focus. 

d. lelescope Objectioe made of Jena glass, 175 mm in diameter and 2*9 m focus. 

nr. Friedr. Krüger, the director ofthe Ritenburg Obseroatory, has published the follotoing criticism 
specting the objecrioes made bu the flrm:-' 

'*In the meantime 1 was enabled to evhausttoely test the oisual objectioe, and the results prooed so 
lusually satisfactoru as to merit general publiciti|. the objectioe, computed and polished by mr. theo- 
)r Keele, has a diameter of ISO mm and a focus of 292*45 cm, the ratio of aperture being accordingly 
16*2. 1t consists of glass pairs prepared by 6d. Nantois, of Paris, the material is entirely free 
dm bubbles, perfectly colourless and oery transparent. 

tlie tests toere carried out in accordance with the directions published bu Messrs. t. Cook & Sons 
)n the adjustment and testing of lelescope objectioes, Zeitsdirift f. Instrumentenk. IS94). 
le objectioe satisfled these tests in a manner whidi stamped it as an adiieoement of the flrst order. 
le Observation of bright spots, sudi as Jupiter, disclosed no traces of colour fringes, also the lunar 
aters wert free from false colourin^. 1 was particularly strudi by the well defined colours of ßfed 
ars and the abundance of details dtscemable on Jupiter and Mars. 

ttie positions of the foci due to rays of different refrangibilitii were determined after K. C. DogeTs 
rthod, by obseruations on Procyon, Sirius, Castor, Polluf, Capella and Rldebaran. the following 
tre the oalues obtained by these tests:-' 

Tocal differences 



lOaoe length 


in millimetres 


in VioooooOfthe 


focal len 




Heele 


Pauly 


Heele 


Pauly 


C 860 


-005 


-oos 


- 1-7 


- rs 


D 590 


-0-09 


-012 


- 31 


- 2-7 


E-b 520 


-000 


-000 


- 00 


- 00 


F 4S6 














G 454 


+0-36 


+2-3S 


+12-3 


+53-3 



the data supplied for comparison under the heading of 'Pauly* haoe been taken from a paper by 
of. M.10olf, of Heidelberg, entitled: lieber ein Fernrohrobjektio mit oerbesserter tarben- 
)rrektion oon Dr. Pauly (Zeitsdir. f. Instrumentenk. 19. p.t. tS99). this übjectioe has a ratio of 
lerture of 1:21." 

2. Rf fractor of CatfSt Construction with spherical ares, pierced poUr and declination ares and 
)jectioe haoing an aperture of 120 mm and a focus of 1*6 m. 

McduBUs ani Optlcs. 3 



34 



SccHonll. 



3. Knorrf-Hfflf*S Untoersal Micrometer. Ihls insbitment comprises t. a Atar fiUcrrnndcr 
wtth postHon circle, 3. a registtring micrometer or decUfiograph, 3. a double image micromcter flHd 

toim double-refracKng prism; i\ has beni de- 
signed and made front data sttpptied ta Prat 
U. Knorre, oflht Royal Obseroakra of Bertis 
Fla!l. 

Ulis inshitment consists of a sleme fOM 
toith a flange for attadiment \o \he rcfraclor mi 
seruing as a carrier for a holloto spindte liaoii| 
hoo cones and provided at its cenhr loith a 
oraduated circte for the double image micrometer. 
fhe lower of these cones is fitted into Hie sleeoc, 
while the upper cone, that near Hie eye-picce 
end, is fltted with a collar urn|ina the dioidei 
circle of the position micrometer, tne ittunUnat- 
ing appliances for the cross-lines, the micro- 
meter medunism proper and tfie recording ap- 
paratus. 

the micrometer medunism is fitted with tvt 
scTtws of V4 and 3 mm pitdi respecKuety, one 
beino the measuring screw, the other the decUatf- 
araph recording screw. the drum of the lattcr 
IS diDided and pronided with raised marhings Im 
sudi a manner as to render it aoailable for im- 
printing the differences of declination in teras 
of mtnutes and seconds directly upon an endtess 
paper ribbon, the readings so obtained beiag 
correct within evtremely small differences, Htf 
oalues of whidi are ascertainable from a sbmI 
table. 




Fig.l. 
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the tohole of the micrometer medianism is madt of nicket-sttel so as \o obutate or at least con- 
sidcrablii diminish strains arising from dunges of ttmperahire. 

fOhtn using the insbitment as a double Image micrometer, the hibe loith its adjustable double re- 
fracKng prtsm is sUd into the micrometer aris and adjusted bu a radi and pinion movement uiith 
respect to the cross-Unes. the micrometer oalues are read accurarelu uiithin O't mm by a scale. the 
prism, the form and optical properties of uihidi haoe been computedbu Prof. R Brendel, is not, as 
mfOeltmann^s micrometer, siruated behoeen the eye and the eye-ptece, but behoeen the objectioe 
and the plane of the cross-Unes and dose to the latter. this both improoes and simplifles the obsero- 
ation or position angles and distances, since the lines appear Single. 

the instrument is the property of the Royal Obseroatory of Berlin. 

4. SpCChlltn RpparahlS with cooered evtra'heaoy flint glass prism, with telescope of 38 mm 
aperture and 334 mm focus. Fig. 3. 

9. Darious forms of Prisms for Rstronomical Purposts. 
Catalogues may be had free on appUcation.^Correspondence in 6erman, Frendi and 6nglish. 

aatatatatatataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaata 

2. Jakob Merz, Munidi, 3 t Biumenstr. 

OpHcal lOorks. 

t. Refractor or tSOmm aperture, tescm focus, equatoriatly mounted on a cast iron pyramid, 
polar altitude adjustable from 30 to 80** with clodi-work, Foucault*s sustem, fllar micrometer with 
posiHon circte, and field and fllar Illumination, the dioisions on the decUnation circle can be read 
from the eye-piece end. 

2. tlntoersal DirtcNuiston SptctrOSCOpf for stars and soUr protuberances. 

3. HfliOSCOpf for solar obseruations, shoming the solar Image in neutral tints. 

4. Objf Ctiue of 30 cm aperture and 334 cm foctis. 

5. ObjfcHuf of 36 cm aperture and 319 cm focus. 



3. R. RepSOld & Söhne, Hamburg, 96 Borgfelder WUtelweg. 

(See also Sections l, Illa and UIc.) 

Transit Instrutnent and Dertical Circle for fundamental meridian obseroations. 
Property of the Royal Obseroatory of Breslau. Crhibited by the Prussian Ministry of 
Cdttcation. 

t. Transit Instrument: Objectioe by steinheil, of t63mm aperture and t*95m focus, fltted 
vith Repsold's impersonal eye-piece micrometer. Tilar and fleld Illumination, also for nadir positions, 
by a small incandescent lamp near the eye-piece end. the objectioe and eye-piece heads are inter- 
dumoeable. the aris an be reoersed in its bearings without necessitating the remooal of the instru- 
ment betuieen the Standards. 

2. Dertical Circle for Rotation in Rzimuth, similar to erters oertical circle in Pulhowa. 
Objecttne bu Steinheil of 183 mm aperture and t-95 m focus. the cross-lines and field are illuminated 
by a small incandescent lamp, near the eue-piece end, also in nadir positions. the objectioe and 
eye-piece heads are interdungeable. the altitude circle has a diameter or 0*S0 m, and reads by four 
mtaoscopes. the aiimtith circle has a diameter of 0*40 m. 
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4. Clemens Riefler, Hesselioang and IVlunidi (Bauaria). 

Mathematical Instrument Uorks. 
(See also Section IX.) 

the firm of Clemens Rtefl er was founded in tS4t and possesses hoo establishments toorkcdb^ 
toater power (2 turbines and 3 loater-wheels) and gioing employment to tOO workmen. The manufachur 
includes drawing inshiiments and astronomical clocks, and the annual Output amounts to 60,001 
drawing compasses and 100,000 other Instruments (drawing-pens and small Instruments). Inaddttion, 
the firm has suppUed so far 50 astronomical clodis (6erman patent Ro. 50,739), ISO mercury compensatüm 
pendulums (6erman patent Ho, 60,059), and 60 nidiel-steel pendulums (German patent llo. tOO,ST0). 
the firm erports to euery ciDilised country and holds tl international and 13 national pri2es. 

the present partners in the firm are Dr. Sigmund Riefler and Messrs. Rdolf and Theodor 
Riefler. 

Rstronomical CloAs and Ctironometers of Original Construction. 

the degree of precision with whidi a pendulum clodi works depends mainly upon the qualitv of 
the escapement and the action of the compensation pendulum. Dr. S. Rieft er, engineer in Munidi 




rig.t. 



Tig. 2. 



Tig. 3. 



Fig. 4. 
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hifr in the aboue flrtn, after long continued ei pfriments, has succeeded in \he construcHon of 
apement as weil as a compensaMnß pendulum tohidi satisfu erisHna requirrments in 
suatty high degree. Iheir consrrucHon beind noto toett-knoton, i\ toill be sumctent \o menHon 

this form of escapemtnt (German patenr Tlo. 50,139) tht pendulum osciltates abso- 

freety, moMon bring imparted to it white in the centre of its swina by the 
tum spring itself. The mercury compensation pendulum (German patent no. 60,059, 
ronsists of a thin-walled steel hibe, about hoo thirds or whtdi are fllled with mercury. 
iuitlaume haoing, about three uears ago, drawn attention to the remarkably low coefflcients of 
on possessed by certain nidiel-steel alloys, Dr. S. Riefle r subjected this material to compre- 

tests. these erperiments haue shown it to be, under certain conditions, eminently suitable 

construction of compensation pendulums and haue resulted in 
struction of a nidiel-steel compensation pendulum fGerman 
lo. t00,S70, Fig. 3), whidi consists of a rod of nidiel-steel and 
sating tube and the lenticutar body haDing its aris of grauity 

upon the compensating tube. The coefflcient of eipansion of 
npensatino tube bears a deßnite retation to that of the nidiel- 
id. For this end the compensating rod is not made of a sinote 
i\ consists of tu)o tube pteces of different metals, whose coeffl- 
9f erpansion differ widely. The lengths of the tu)o tubes are 

to jointly produce in eneru case the desired compensation, both 
gether haoing in all pendumms the same length at the assumed 

temperature. 

nrder to eliminate the influence of dunges in the barometric 
e upon the movement of clodis, the latter are constructed in the 
' t.Qodis u)ith air-tight couers, and 2. Clodis with baro- 
: compensation. 

hf Clocks fitted with air-tight cooers (Tig. 3) are mounted 
ass cylinder and hermetically closed by a ground-on bell glass. 
anner of mounting possesses the additionaladuantaae of render- 

medunism of the clodi easily accessible, as it is only necessary 
Dir the bell glass. 

dodi is drioen either bu an ordinaru set of weights, the cord 
h passes through a stuffing boi, or it is drioen electrically. In 
er case, a loeignted driuing leuer attadied to the minute spindle 
movement is alloioed to gradually sink to a certain depth and 
lised electrically at interuals of 5 to S minutes, the current 
upplied by tioo dru cells. 

imptitude of the osctllations can bereadaccuratetuwithin Vto minute 
u a microscope and glass scate mounted within rhe bell alass. 
riectric contact marking seconds transmits the oscillattons of the pendulum to the dironograph. 
hiated bu a wheel movement and does not interfere loith the accuracy of the clodi, as shouin 
Hcal and independent Observation. 

ie barometric compensation of the pendulum consists of a circular aneroid attadied to 
dutum rod. The upper boi of the aneroid is loaded by a loeight lohidi, followin^ the fluctua- 
r the atmospheric pressure, altematety rises and falls. lOhen the air pressure mcreases, the 

dumbers are compressed, the sald weight rises a littte and thereby imparts to the pendulum 
n acceleration whidi is equiuatent to the retardation lohidi, in the absence of this deoice, the 
rm uiould suffer in consequence of the increased density of the air. 

u»eight referred to consists of metal disks, the number of lohidi mau be increased or diminished 
I be required to obtain perfect compensation. the indications of tne aneroid can at anu time 
pared with those of a mercurial barometer by means of a dial and pointer attadied to the in- 
il. 

fotUnoing clodis are evhibited: 

n astronomical Cloch (Tig. 3) in an air-tight glass case, fitted with a free es- 
ritt (6erman patent Ho. 50,739), nickel-steel pendulum (6erman patent Tlo. 100,470) and 
cat contact marking seconds. 

,n astronomical Cloch (Fig. 4) in mahogany case with free escapement (6erman 
lo. 50,739), nickel-steel pendulum (Oerman patent 7lo.lOO,S70), barometric compen- 
and electrical contact marking seconds. 




Fig. 5. 
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3. R Chronometer (Fig. 5) with decimat hour dial (130,000 pendutum beats per day), is 
mahoganu case, wUh free escapement (Oerman patent Ho. 50,730), nickel-steet pendulu« 
(Ofrman patent Tlo.t00,S701 and electrica! contact markina seconds. 

Uith reference to this clodi it may be interesting to note thar, although there \s no hnmcdiatt ne- 
cessity Tor reltnouishina the customaru dioision or time in favour of dectmal ttme, ^t it seems Huit 
the question of tne declmal diuision or time is still engaging considerable attention, so mudi so Huit 
it appeared desirable to take due cogniiance of one or the other of the propositions adoanced to Hüs 
end; and of these propositions the only one likely to be practically reatiiable appears to be the dioisioii 
of the day into 34 hours, as heretofore, the hour into tOO minutes and eadi minute Mo 100 sccondi 
6adi day would accordinglu embrace 34 x loo x lOO = 340,000 seconds. R pendulum beatina tticsc decinil 
seconds toould, hotoeuer, oe inconoeniently short, and hence it has been round desirable to ause Ifir 
pendulum to beat double seconds, so as to make 130,000 oscillations per day, its length being 9t5*3nii. 
the terms minute and seconds are in that case appropriately disused, so as to obviate misconceptions, 
a better plan being to write the submultiples of the hour in the form of decimat fractions. 

ot oc ot oc oc ot oc ot oc ot oc oc oc oc oc oc oc oc oc ot oc ot ot oc ot ot ot ot ot otot 

5. C. R. steinheil Söhne, Munidi, t theresienhöhe. 

OpKcal attd Rstronotnical Uorks. Established 1855. 
Proprietor: Dr. Rudolf SteinheiL 

(See also Sections Vb, Ve and Vf.) 

I. Optical Parts of Rstronotnical Instruments. 
A. lelescope Objectioes. 

t. Bittary ObjecKoes: a. of ordinary flint and crown glasses, ratio of aperture t:S to t:5t; 
b. of new Jena glasses toithout secondary spectrum, ratio of aperture t:tS to t:30. 

2. Iriple ObjecHoes (of great Ught-gathering power): a. of ordinani flint and crown glasses, 
ratio of aperture 1:4 to l:S; b. of neu) Jena glasses without secondary spectrum, ratio of aperhut 
t:t0 to t:ts. 

Rny of these objectioes can, if desired, be adiromati^ed for the diemical part of the spectrum for 
Photographie purposes. 

the mounrs are of brass in the case of the smaller objectiues not evceeding 5 indies, but stecl is 

employed for the mounts of the larger objectiues. nidiel-steel, costing 
about 10 per cent in eicess, may be substituted for steel so as to 
obtain greater uniformitii in the erpansion of the mount and glass 
at difTerent temperatures. 

B. £ye-pieces. 

t. Rstrottomical £ye-pieces: a. mitteniuiei|*s AD eye- 
pieces, being improt^ed Kuyahenian eye-pieces, forming the 
image between the lenses and haoing an apparent field of about 
50^ b. Rchromatic AF micrometer eye-pieces, forming the Image 
in front of the lenses and embracing an apparent angle of about 
40"* C. c. Nonocentric or AG micrometer eye-piece, free from re- 
flection, forming the image in front of the lenses and having an 
apparent field of about 36^ d. Rplanatic or AH micrometer eye- 
piece; free from reflection, forming the imaae in front of the lenses 
and subtending an apparent angle of about 30^ 

2. Terrestrial Eue-pieces: a. OrdinaryorBOterrestrialeye- 
pieces consisting of four plano-cont^ei lenses embracing an apparent 
angle of about 44^ adapted for binani telescope objecttoes. b. ndiro- 
matic or BF terrestrial eye-pieces consisting of four adiromatic 
objectiues and embracing an apparent angle of about 40''; adapted 
for triple objectioes. 
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II. Comptete Instruments. 

t. Small Iflescopf tolth table stand for astronomical and terrestrial obseruaHons, as shown in 
thc itlustration, toith portable polished bof. 

the telescope is or brass and is fltted toith radi and pinion movement, a terrestrial and three 
astronomical ei^e-pieces and a dark-glass. 

the telescope is equatoriallu mounted and mooes by band; the stand is fltted loith clamping screios, 
eUmgation-tube and tripod toith eleoating screios. 

2. Photographic IflfSCOpf with negaHoe magnifying lens. 

Ihe tube is of Wass and fltted toith an obiectioe of 6S mm (S'AI aperture and a neaatioe (Barloio) lens, 
the rtsisltant equioalent foctis being about T50cm. the evtreme length of the Instrument is 130 cm. 

the outfit incltules an instantaneotis shutter mith pneumatic and band release, a flnder and fo- 
cussing screen for solar Images, radi and pinion Tor accurate focussing, camera toith focttssing screen 
and tu90 dark'Slides for 9xt3cm plates. 

the camera can be rotated round the telescope aris and is fitted toith a flange gradtiated into tohole 
degrees. 

Ulis telescope is primarily designed for solar and lunar photography, the diameter of the Image 
being about 7*5 cm. there is no sfand, the Instrument being best mounted upon the tube of a large 
clodi-dritien refractor. 

3. Cotnet-Pindfrs. Small loto power telescopes of cottsiderable Ught-gathering power and em- 
bracing a correspondingly large fleld. Rdapted for the detection by hand of comets and faint objects. 

Ot Of Of Of Of Of Ot Ot Ot Ot Ot Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of Of 

6. 0. löpfer, Potsdam. 

Mäher of Rstronomical 1nstruments.-^CstabUshed in t8T3. 

(See also Section IV.) 

t. ProtuberatlCf Sptctroscope, as suggested by K. C. Dogel. this spectroscope satisfles ttoo 
essential requirements: it possesses a high disoersion and oreat stability. It is fitted toith hoo quin- 
hiple prisms of the direct oision form, one of which can oe readily withdraton. R large surface is 
orposed for attadiment to the telescope. the anterior part of the spectroscope is mounted on a rigid 
hibe lohidi is freely perrorated so as to pretient the accumulation or heat wtthin the tube. the slit is 
adjtisted bt| a key projecting outside the tube. the telescope is fitted toith coarse and fine adjustments 
(ar obseming certain regiotts of* the spectrum, a graduated arc sen)ing to predetermine the desired 
Position, the spectra or protuberances are measured by a differential eyepiece-micrometer. the entire 
spectroscope can be made to rotate in its Shell for tangentially or radially adjusting the slit toith respect 
to the solar edge. this rotation being liketoise controlled by a dioided circle, the angular position or 
a protuberance at the sun*s edge can be read off with ease. 

2. Prof. MÜllf r*S Ufdge Photomtter for celestial photometry, aoailable for stars up to the 
eighth maonitude. the mount is of the elbom type and is adjustable for any polar altitude. the objec- 
tioe faperture 55 mm, foctts 80 cm) is situated at the end or a lateral rotating arm. In front of the 
objecrine is mounted, inareooloing casing, a totallu reflectina prism, to tohidt ts attadted a graduated 
arc stunoing star declinatiotts. the hour circle is ditiided info interoals of 4 minutes of time and the 
hour anales are adjtisted by a piain pointer. Mithin the large cube there is a second totally reflecting 
prism. Ute eyepiece sleeoe is directed totoards the poles, the obseroer need therefore neuer dtange his 
Position, the eyepiece is replaced bu the toedge-photometer proper, tohidt is prooided toith meaits for 
regisbration. the toedge is tnade or neutral glass and is 85 mm long. R dtsplacement of t mm cor- 
responds to a magnitude intenial of 0*3. ttoo closely apposed steel laminae are fitted at right anales 
to rhe mooement of the toedge in the common focus or the objectit)e and photometric eyepiece. the 
eyepiece sleeoe is fltted mith a small position circle, by means of tohidt tne photometer can be ad- 
jusred in sudt a manner as to place the laminae in the direction of the diunul mot^ement whilst the 
stors pass throuah the fleld wtthin the internal behoeen the laminae, thus traoersing the wedge at 
right anales to the direction of the mooement. 

ttoo (nstruments of this kind mere ttsed by Müller and Kempf on an evpedition to the summit 
of the 6tna, tohidt was undertaken toith the object of studying the absorption of stellar lioht by the 
ahnosphere of the 6arth. (See Publications of the Rstro-physical Obseroatory of Potsdam, Xl, p. 33T.) 

Borh Instruments are the property of the Royal Rstro-physical Obseroatory of 
Potsdam. 
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7. Carl Zeiss, Optical I^Oorks, Jena. 

(See also SecHons Vb, Vc, Vd, Ve and Vf.) 

Hstronomical Objectiues for Observation and Photographii. 

Cuer since the beginning of this cenhini many fuHle attempts haoe been made \o remooe or tim 
rate diminish the secondary spectrum in astronomical objecKues. this failure loas mainli| dne to mt 
of suttabte glasses, hauing-^at teast as far as the oisual part of the spectrum is concerncd-'lkir 
parttat disperstons uery untformly proportional. 

the efforts of Dr. Schott, of Jena, resulted for the flrst time in tSSS in the prodticHon of 
satisfying these special reouirements. Unfortunately, these gtasses toere not onlv eitrrmely 
to produce, but they ladied permanenqi, oioing to the Substitution of phosphoric and bork acid Hi 
silicic acid. 

During the last feu) years Dr. Schott has successfuUy resumed the erperimental productioi d 
suitable durabte glasses. The principal constituent of these new gtasses is silicic acid, the glisss 
are permanent, and yield withtn the spectral region of C to F an almost completeli| proportim 
gradation in the partial dispersions. 

the binaru astronomical obiectiues made from these neu) 3ena*s alasses disclose at most a sli# 
tertiary residual spectrum. Owing to the completeness with whidi the luminous rays are brought li 
a focus these objectiDes yield a considerably improved brightness and defining power and admitoftbe 
use of hiah-power eyepieces. 

the trinal objectioes consist of three different kinds of glasses, their ratio of aperturc i$ 1:1J »4 
they are completely connected sphericallu and diromatically within the spectral region ertending fm 
C to G', whidi renders them equallu well adapted for Observation and photoaraphy. 

Rstro-photographs of ertensiue stellar areas can also be taken by means or Photographie lenscs wik 
from the neu) glasses as the images formed by these objectioes are evtremely small and Sharp, « 
also because the latter possess in proportion to their apertures a considerably increased diemical efnocic|. 

t. Rpochrotnatic Binary lelescope ObjectiDe without secondary spectrum of ssomm aperhic 
and tOm focus. Relatiue aperture l: IS. From Jena telescope-crown and telescope-flinh 

2. Ihf satne ObjecHoe of 325 mm aperture and 5'Sm focus. Relative aperture t:t$. 

these objectiues are completely corrected rfiromatically within an intermediate lone loith rcspect to 
the spectral region ertending from C to F, the whole of the rays are therefore oeru nearlu brouabtn 
an accurate focus. the secondary spectrum is, bu this means, reduced to about Vt« of nut enstiil 
in ordinary telescope objectiües, as far as üisual obseroations are concemed. 

3. Rpochrotnatic Trinal ObjecHoe of iso mm aperture and 2S0 m focus. Ratio of aperture VM't 
the secondaru spectrum as well as the rfiromatic difference of spherical aberration (6auss*s poshilat^ 
are, within the spectral region from C to C, reduced to an imperceptible residue. this objecthie is 
therefore available, without the addition of a compensating lens, for the photography of the heaoeiu 
as toell as ocular Observation. 

4. R Similar Objectioe of t2Smm aperture and l 53 m focus. Ratio of aperture 1:1J. 

5. Rpochrotnatic Rplanat for astro-photographic purposes. Diameter of objectioe 120 mm, foctu 
lOOm. Ratio of aperture l:tO. the secondary spectrum is corrected within the spectral region fnm 
F to h. In spite of the moderate aperture the oojective yields great diemical intensity owmg to ttu 
complete concentration of the diemical rays. 

Ulis objective is adapted for the photographii of star-clusters and for cartographic photography. 

6. ObjecHoe-prism of flinl-olass having a refractive inder of r5T and a refracting angle of 45' 
for the photograptiy of stellar spectra loith the aid of short focus objectives of loide aperture. 

T. 6quatorially mounted IraoelUng lelescope, suggested by l mach. errecHoe aperture neu 

8. Carge and small Mirrors made of C. Mach*sspeculummetal(magnesium-aluminiumallov] 

Price-lists of astronomical objectives and Instruments, published in 6erman, Frendi and English, nu 
be had free on application. 
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III. Surüeijing and tlauHcal Instruments. 

a. ßeodetic Instruments, 
t. Carl Bamberg, Friedenau near Berlin, 39/4t Kaiseraiiee. 

Scientific Instrument Mäher and Optician. 

established tSTt. 

telcgraphic address: Bambfrg-Frttdenau.-'rdephone: Friedenau no. U. 

(See also Sections IIIc and IV.) 

t. Renoluing Transit Instrument with elbow telescope of 40 mm aperhire, Tor astronomical 
and suroeying purposes. Theazimuthal circle is fuUy dit^ided and couered, \\s diameter being 3tOmm. 
Both circtes read hy microscopes. The instrument ts txWtd totth uertical hangtng bubbles and the 
h'ansit afis ts counterpoised on the balance beam principle. the tatter is fitted with medianism fbr 
lifNng \\ out of its bearinas. The movement of the uertical spindle is adjustable. the speciRcatton 
tnctudes a Rnder, Reld-tUumination and moderating gtasses, bubble athidada with clamping micrometer 
rotating through 90''. 

i. Precision Heliotrope, this instrument differs from the simple Bertram heliotrope 
in the roltotoina respects.-'the sionalling tube is mounted upon the signalling aiis, tohidi can be 
rendered nertical bu means of a sptrit-leuel. Tor this purpose a heauu iron screw or bolt fitted with 
a moDabte head and capable of horizontal adjustment is made to hold the screw of the signalling aris, 
whidi also Ries the point whence the Signals proceed. 

3. Plumbina Staff, for showing the posttion of points along a oertical line. R decimetrical disk 
is employed to determine linear difTerences in the protection o( points situated at different elenations, 
»hidi cannot be measured by direct means. 

4. Bolts Tor sharply marking the terminal and intermediate points of base-lines. 

the objects 3, 3 and 4 are the property of the Royal Suroey Office of Berlin. 



2. J. & R. Bosdi, Strassburg, Rlsace. 

Philosophical Instrument Mähers. 
(See also Section I.) 

triple Horizontal Pendulum constructed onRebeurEtilert^s principle, Figs.t and 3, consist- 
ing of a horse-shoe cast iron casing mithin whidi are piuoted three eauidistant pendulums of the 
form of isosceles triangles, suitably balanced, weighing ttOg eadi. 6am end of rhe base is fitted 
«ith agate bearings nn^ the upper of whidi is part of a sphere with a paraboloid depression, whereas 
ihe lower has a v-grooDe. thependulum is fitted with hoo flrmly supported steel pioots 88^ whidi 
Test upon the agate bearings. the lower piDOt is horizontal the upper points touiards the intersection 
of the line through the centre of grauity and the horizontal pivor produced. the line joining the 
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centres of Hie bearings, i.e., \ht aris of rotation, is SO mm long, and Ihc dis\ana o( Hie ceihr 
of graDihi from this aris is approrimatety 63 mm. the total loeighl of Hic anterior pendulum is 
tS5g, Hut of eadi of the tioo posterior pendulums 3ttg. the aris of rotation can be indiad 
more or less loiHi respect to the vertical line so as to establish ani| desired degree of sensi- 
tiv eness. Ihe penduium un, accordingly, be made to mooe percepHbl;i in response to diangcsif 
inclination mithin the thousandHi part of a second of arc. This horiiontal pendulum is, 

therefore, bi| far tne most sea- 
sitive apparatus for obserota§ 
oscillations of the nertical liae 
under the influence of solar heal 
and lunar attraction. Its sensi- 
tive response to the slightesl 
changes in the inclination of Ihc 
uertical line renders the pea- 
dulumadapted for seismographic 
obseroations, both in near and 
distant earthquahes. Checomblaa- 
Hon of three pendulums semes \o de- 
termine the Hme and direction, ampli- 
tude and periodicitn of the obsemcd 
seismic dishtrbanees. Ihe mooemeiüs 
of Hie pendulums are registered opH- 
callu. for this purpose eadi pendulum 
is fltted mith a concaoe mirror and 
the casing has aflUred to it a statioa- 
ary mirror, all haning deflnite ndii 
of curoature. R tamp and registerina 
apparatus is placed in the cenht of 
curoature of tnese mirrors. the np 
reflected by the mirrors pass through a 
horiiontal cylindrial letis, mounted in 
front of a drum cooered müh sensitind 
paper upon whidi the concentrated ra^s 
trace sharplu deflned points, those due 
to the flredT mirror seroingi as a Hme 
Tig.l. marker. 




Rnterior pendulum. 




Tig. 2. 
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3. R. Fuess, late J. 6. ßreiner jr. k ßeissler, 

Steglitz ncar Berlin, 7/S Düntherstr. 

Nrdianicat and OpHcal lOorKs. 

(See also SecNons IV. Vb. Vd and Vg.) 





44 SccHonllla. 

Sf ibt'Tuess's Rutomatic Uater-marh Registering Tloat, as dtscribtd in thc Coihraiuiif 
der Bauvmoalhing tS93, p. 543; tS97, p. 563. Fig.!. 

Sf ibt'Tuf SS'S Rutomatic Uater-marh, as dcscnbed in the CnihratbUtt der BauoeruMlhni 
tSf T, p. 565. 

Sf ibt-Tufss's Rutomatic Pneumatic Uater-marh, as shoum in nie iUushraHon and is 

described in the Centralbtatt der Bauuenoaltung tS96, p. 303. Fig. 3. 

Ordinate and RbSCiSSa Rfducer, as described in the CentralbUtt der Baunenoalhtng tili. 

p. 573. 

these instruments are the property of the Prussian 6overnment Board ofPitbticttorks. 



4. Vdax Hildebrand, late Rugust üngke & Co^ 

Freiberg, Saxony. 

Mäher of Rstronomical, Suronjing, Mining and other Instruments. 

established tT9t. 
(See also Section 111b.) 

t. Universal Instrument with circles or Stcm diameter, eadi division of the microscope drum 
reading to t*. the telescope is coud^ and has a focus of 45 cm and an aperhire of 4t mm. 1t is 
Rtted toith an euepiece micrometer, and the telescope spindle is pierced for fleld-itlumination. the 
spirit-lenel is of the Korr eboio tupe. Ihe reuobing horiiontat circle is centralis clamped against the 
tripod and firmly connected with it by tightening a thumb-screw projecting from the tripod rina. the 
Controlling telescope can lihewise be Rrmlu clamped to the tripod so as to disclose loith absolute 
certainty anu dunges in the position of the tripod as well as the horiiontal circle lohile making 
measurements. The manner in tohidi the horizontal circle is Ried and the method of mounting the 
Controlling telescope are new. 

2. Carge £eoel Tester, adapted for the reception of complete instruments so as to test their 
spirit'lenefs loithout the necessity of dismounting them, to illustrate tohidi the universal Instrument 
is evhibited Standing on the lenel tester. the oarious instruments placed upon the tester are balanced 
by a set of leners encased in the base of the apparatus. One end or these leners acts upon the monable 
arm of the tester, whereas the other end supports a scale-pan (absent in the evhibit), upon whidi are 
placed toeights corresponding to the toeight of the Instrument resting on the tester. the monable arm of the 
tester is balanced by a sliding weight, until perfect equilibrium & established, and, that ttie measuring 
screu) may toorh undcr uniform pressure whateoer may be the toeight of the Instrument placed upon 
the platform of the tester, a small additional toeight is prouided. 

tne Instrument is also adapted for testing any sinole spirit-let)el mith or toithout its mount. Tor the 
evamination of striding-letiels the tester is Rtted witn eletiated arms, and a separate stage is pronided 
for simultaneously evamining tioo let)els (e. g. Korrebow let)els). 

this Instrument is the property of the Royal 6eodetic Institute and Central Office 
of the International ßeodetic Rssociation at Potsdam. 



5. R.llepSOld & Söhne, Hamburg, 96 Borgfelder Wlttelweg. 

(See also Secttons 1, 11 and 111 c.) 

Universal Transit Instrument, auaiUble both as a transit Instrument in all aiimuths and as 
a theodolite. the objectioe has a diameter of 6S mm and a focus of 86 cm. the three eye-pieces sup- 
plied with the Instrument yield magnifying pomers of 130, S4 and 56. the telescope is fitted mith a 
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Rfpsotd registering micrometer« capable of rotaKon through 90^ Tor Horreboto obseruaHons the 
e^epiecf etid is Rtted toith hoo jturtaposed bubbles whidi can be flnely adjusted bu a scrno working 
bdotD Hitir bearings. Ihe circle is Rtted toith an alhidada bubble, and the zenirh-scrno works er- 
cenhicatlv. 

Ihe carriers of the lateral fricHon rollers are mounted upon a balance beam supporled below the 
middle fricHon roller so as \o obviate unequal pressure on Ihe lateral rollers. the horizontal aris 
can bc reoersed bi| means of a horizontal leoer carruing at its end a oertical bet)el toheel, the teeth 
of lohich engage in a horizontal toothed toheel proDided with screio threads and attached to the main 
stnicture. the rotation of the lener causes tne reversing cylinder scretoed into the horizontal tooth 
loheel to rise, and with it the horizontal aris. tOhen using the Instrument as a transit circle the 
Upper bodu should be rigidlii connected with the lower main structure by means of four screws. 

The oertical aris is mounted doionwards so as to heep the upper body as low as possible. 1t mooes 
within an iron bor, and only a quarter of it is cylindrical. the lower portion is conical and termi- 
natcs in an obtuse cone whidi can be made to tum in a similar conical bearing in the lift-out cylinder. 
the latter can bu means of an ercentric be lifted bodilu about l mm so as to cause the upper body 
of the instrumenr to tum freely on its aris, rendering it thereby aoailable as a theodolite. the dia- 
meter of the azimuthal circle is 40 cm. the latter is guarded and dioided into 4'. the microscopes 
read to 0*2', being fltted u)ith micrometer screuis, two reuolutions of whidi correspond to 4'. the 
microscopes are proDided with two pairs of webs separated by a distance equal to P/j times the pitch 
of the screui so as to facilitate the adjustment and partially eliminate the screui errors. the arts is 
pierced for fleld-illumination by means of electric incandescent lamps. 

this Instrument is the property of the Royal 6eodetic Institute at Potsdam. 

Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ol Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ol ot ot ot ot ot ot ot ot ot ot ot 

6. P. Stückrath, Friedenau near Berlin, tt Ribestr. 

Naher of Physical Instruments, Fine Balances and Standard 1;3eights. 

(See also Section I.) 

Pendulum Instrument for Comparatiue 6rat)ity Neasurements. the apparatus consists 

of a stand, four inoariable pendulums haoin^ a periodicity of 0*509 second of sidereal time and a bell 
Qlass. In addition, the outfit includes a cotncidence apparatus for determining the duration and ampli- 
rude of the oscillations. the stand is fitted u)ith a solid circular plate u)hi(h can be leoelled by means 
of three elevating screws. Rt the centre it is surmounted by a hoUow column u)hi(h is stifrened by 
four ribs placed at right angles to eadi other. the base, column and ribs are cast in one piece of 
oun-metal. to the upper edge of the column a stout brass cross is attadied by screws in such a posi- 
non that its arms btsect the angular spaces between the ribs. three of these arms carry horizontal 
aoate bearings, upon which the pendulums oscillate on agate hnife-edges. R thermometer mounted in 
tne form of a pendulum is suspended from the fourth arm for measuring the temperature of the pen- 
dulums. the circumstance that two pendulums swing in one plane and are opposite to eadi orher 
fumishes a reliable and simple means for determining the syndironic oscillations of the pendulum 
bearings. the determination of the force of graoity is therefore based erclusioely upon the mooements 
of these two bearings, whilst the third bearing is aoailable for obseruing a Controlling pendulum 
showino irregularities in the movement of the clodi. the obseroations relating to the coincidence u)ith 
the cloA pendulum and the amplitudes are made u)ith the aid of the coincicfence apparatus, whidi is 
set up in the plane of oscillation of the third pendulum. In the case of this pendulum the Observation 
is therefore direct, whereas for the Observation of the other two pendulums two rectanoular prisms 
are attadied to the cross. tOhen in use the apparatus is cooered u)ith the double-walled bell shade. 
the latter rests with its ground rim upon the edoe of the base plate and thus permits of the air 
within being rarefled to 0*5 atmosphere so as to mminish the dampino efTect of the air and also 
facilitate the eract determination of the temperature of the pendulum, whidi is of the greatest Import- 
ance in relative measurements. 

the pendulums consist of a lens, pendulum rod and head piece fltted u)ith agate hnife edge and 
mtrror. the head piece is shrunk on by heating and subsequent cooling. 

the apparatus is the property of the Royal 6eodetic Institute at Potsdam. 
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T. tudujig lesdorpf, Stuttgart, it Forststr. 

Makfr of Scientific Instruments of Predslon. 
Speclallttj: Rstronomlcal and Suroeylng Instruments. 

(See also SecHons 111b and IV.) 

t. Untoersal Instrument. Circtes 55x30 cm. microscope readingr. eiboio-tdescope nttedviNi 
pristn and special centreing arrangement. Diameter of objecHoe 54 mm. lelescopic magniflcaHons S4 
and 16 diameters. (Tocus 65 cm.) tOith tilHno medunism. the lenel carrier is made of CMst alumhiitiii 
so as \o ensure lighhiess. Ihe tohole is consrructed in sudi a manner as to absottttelii oboUtc stnia 
on indioidual parts. 

2. Portable Transit Instrument. ObjecHoe 4$ mm dUmeter. lOith hoo evepieces ifietding nagid- 
rications of 56 and 52 diamelers. Tinder-circle of 15 cm, diameter dioided into Vt*" and reading f. 
Decimal micromeler adjushnenl. Ihe lotoer struchire is made of cast iron, the lenet carrier and tioldcr kL 
are made of aluminium throughout. the design is sudi as to completety obniate strains in anyoflk 
parts. Ihe 3 to 5 seconds bor4et)el is corrected bv a lenetting scrtm of 0*2 mm pitdi. Ihe entirc ridcr- 
let)el, including the mirror, weighs only 1*250 kg. 

3. Prof. Dr. Sc hmi dt 's trlfllar 6raolometer, or Seismograph. Changes in theacceleratiOBof 
graoity, especiallii those due to the oertical mooements of the ground occurring in seismic dishtrbanccs, 
cause a weight u)ith mirror maintained in a State of torsion by a spring and suspended b^ ttotc 
threads to rotate about a oertical ayis. Ihe amount of rotation can be read bu the comparisonofhM 
stationary mirrors fitted abotie and below the mooable mirror, or it may be regtstered photographicalt). 

aaaaaataataaatatatatatatataaaataaaaaaaaaaaaatatatatataaa 

S. Julius Wansdiaff, Berlin S.O., t eiisabcthufer. 

Nathematlcal and Rstronomlcal 1;3orks. 
(See also Section 1.) 

t. Theodolite for angular measurements of the flrst order. circies 21 cm diameter di- 
oided into Yit^ Dioistonal error 0*2' to 0*5'. Microscopes magnifying 26 times, fitted loith nuro- 
able cross-line micrometer evepiece, 1 reoolution of the micrometer-screw being 2', t dinision of the 
drum = 0*6 '.-'Ihe telescope has an aperture of 61mm, focus of 650 mm, three qiepieces magnlAi- 
ing 41, 62 and 12 times respectioely. 

Ihis Instrument is the property of the Royal Suroey Office of Berlin. It was made 
in 166$ and has since frequentlii been employed for triangulations of the flrst order. 

2. Dlsual Zenlth telescope for determlning polar alHtudes after the method of Horre- 
bou) and lalcott, i.e., for measurino the difTerences of the zenith distances of tioo stars cutminatino 
respectioely in approrimately eaual altitudes north and south of the zenith. Ihe Instrument is mounted 
in altaiimuth form and its circles are merely for the purpose of setting the Instrument and sumeii- 
ing the stars, whereas the actiul measurement of the zenith difTerences, whidi should not eiceed 15 
to 20minutes of are, is made bu the euepiece-micrometer and two mutually controllino Horrebow 
leoeis, the carriers of whidi can oe firmlii clamped to the telescope. In order to render tnis connection 
as solid as possible, especiallu in Opposition to dianges of temperature, the usual clamp and micro- 
meter-screw (s eyclusioely used for approrimately settfng the zenith distance, whilst a screw Rtted at 
the end of the horizontal ai is clamps the leoel carrier nrmly against a large annular surface forming 
the end of the aiis. 

Ihere are two clamps for the azimuthal mooement, one beino of the ordinary type for determining 
errors of position, u)hen the instrument is used like an ordmary unioersal Instrument, the other 
consisting of two stops attadied to the azimuthal circle and adjusted in sudi a manner as to cause 
the telescope to pass through the meridian in either position or the circle, without taking a reading 
eadi time, by simpty clamping the telescope against these stops. 
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rhf teUscope proper is protected front the inRuence of radiated heat tn| betng surrounded by anoMier 
r lohidi is connected toith the telescope at the middle, i. e., near the ayis, but othenoise does not 
h \t 

li€ high deoree of accuracy of tohidi this Instrument is capabte and, in particular, the comparatine 
mce or susfematic errors, renders the lenith telescope eminentlu adapted for obseruina the dianges 
polar altirude. Rs an instance it nuy be stated that, apart from its use for a peWod of seoeral 
rs for obseruing polar altitudes at Potsdam, it was employed at Honolulu in a series of obseroations 
M/93), u)hidi, concurrently with European and Rmerican obseroations, fumished conclusine proofs 
he reality of the oscillation of the ayis of the earth. 

Ihis design has seroed as the protötype for a »hole series of other, mostly large, Instruments 
stntcted by this firm, though modifled by the introduction of small improoements in the details. 
:his Instrument is the property of the Royal 6eodetic Institute at Potsdam. 

{. Photographic Ztnith telescope, as suggested by Dr. R. marcuse. this telescope differs 

mtially from the precedino Instrument merely in that the eyepiece micrometer is replaced by dark- 

es for dry plates upon umidi the two stars under Observation are made to trace linear paths, the 

rance between them being measured by means of a special plate micrometer. This latter Operation 

ts the place of the method of micrometric reading, as adopted in the case of the nisual lenith 

scope. 

[his Instrument has been constructed for erperimental purposes so as to compare the merits of 

rrebou)*s oisual and Photographie methods. Ihe dimensions are larger in the case of the photo- 

phic Instruments so as to obtain by nirtue of their increased light-gathering power sufflciently 

rinct tracings of all stars seen in the oisual telescope. 

Clie objectine, whidi is made by Steinheil of Flunidi, is adiromatiied for actinic raus and yields 

iges, whidi, though considerably coloured nisually, are sufflciently clear for accuratelu setting the 

hiiment with the aid of an elbou) eyepiece, whidi can be substitured for the plate-holder. 

Chis Instrument is the property of the International 6eodetic Rssociation Suroey 

Tice at Potsdam. 

I. Instrument for testina large dioided Circles andfordeterminingtheamountofdinlslonat 
irs. Zwo rails are mounted by means of four Standards upon a stationary disk. Tour microscopes 
td with terrestrial eyepieces and magnifying about 60 times may be mooed along and clamped to 
se rails oerticallu abooe any circular graduation not cKeeding 43 cm in diameter. The sliding pieces 
whidi the posinon of the microscopes is altered are prooided with a flne adjustment for moning 
microscopes at right angles to the radii, so as to accurately adjust the position of the former 
Tally. Of these raus one is flfed, the other, together u)ith its Standards and their connecting piece 
7w rhe circle, can be tumed about the ayis of the Instrument and clamped in any position, so as 
place the microscopes on both rails at anu desired angle with respect to eadi other. these adjust- 
nts are made with the aid of a dioided circle. 

[n Order that the microscopes may be made to approadi eadi other within the smallest interoals, 
se mounted upon one of the rails are at right angles to the plane of the dinided circle, whereas 
se sliding on the other rail are inclined outioards. By this means tioo microscopes can be mooed 
closely together as to shou) the same line of araduation in their flelds at the same time. the circle 
idi is to be eramined, is attadied to a reooloing disk, fltted with a clamp and flne adjustment. 
: circles are centred with the aid of a set of centreing disks supplied with the Instrument and fit- 
) a cylinder whidi slips into a strictly central caoitu m the main spindle and is there held in position 
the constant pressure of a spring, the plane of the oraduated circle can be adjusted so as to be 
ofutely at Hont angles to the ayis of tne instrument by means of an inory-tipped surface gauge 
idi fhres to rhe rails, and three adjustable elevation plates. Central illuminarion is produced by a 
tric incandescent lamp added by the medunician Techner, the light of whidi is thrown upon rhe 
duations by means or mooable lenses and mirrors. 

:his Instrument is the property of the Royal 6eodetic Institute at Potsdam. 
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b. Suroeving, Mining and Eirploring Instrumente. 

t. Georg Butenschön, Bahrenfeld near Hamburg. 

ScimWRc Instrument Maktr. 

rhis establishmfitt undertahes the manufachire of oetieral scientific md, in parHcuUr, astro- 
nomical and suroeying Instruments, the specialities of the firm are pocket and simple 

suroeuing instruments. Of the Utter class 
a considerabte number is evported annualhi 
and, consequentlii, spedmens of these cmti| ire 
erhibited. 

Particular attenHon is called to ttie Pocket 
Levtls, eerman patents nos.3S,T9$ and IM8I. 
R special feature of ttiese instruments consists in 
the ract that the spirit-leoet« cross-lines and imagc 
can be oiewed at the same Nme. Ilunigh fitting 
into a case whidi is no larger tlum an ordhuffii 
cioar-case, these instruments are eicepHonathi use- 
ful and superior to all others constmcted for 
similar purposes. 

Grhibits: 

A. Pocket Instruments. 

1 ^^ ^^^ t. Simple Pocket £eoel with bau and sodiet 

■^=^-- "^ Joint and adjustable foot tetescope magniMtiig 




Fig.t. 



5 times, adapted for setting off right angles. 
(Firm*s catalogue Uo. 5.) 

2. Pocket £eoel with bau and sodiet Joint, 
adjustable foot and micrometer ctamping scre«. 
rhe drau)-tube is fitted u)ith radi and pinion. Ihe telescope magnifies 5 times. the hoHiontal drclc 
is about T5 mm in diameter, ditjided into Vi* and reads to 60". Fig. 2. (Firm's catalogue Ho. J5.) 




Fig. 2. 




Fig. 5. 
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Fig. 4. 

4. Podlrt rhcodoUte, similar \o Ho. 3, but 
th frcnttficallt^ mounted hitscopi. Includltig all 
rrssan^ mining insfrumenfs, sudi as a circum- 
enlcr with rnjtrsiblt siohts for forc and baA 
ihHm, diDided Art and cUnomeUr. (Tirm's caU- 
\uc llo, STJ 

L Surface Surueying Instruments. 

5* ttUils wilh rcDcrsiblt Fftfscope about 35 cm 
lg and magnif^ina 30 Nmf$, toith spiriMeud 
naomg a sfnsiHufness of \ü\ 
The horiiontal circlf, t2.5cm 
in diamcfcr. diüidcd tnb Vj** 
and reading fo io\ is fitted 
müh a micfomeler damp. The 
instrumettt is suppLUd in a 

fioUshed casc and with a 
ripod stand. Tig. 4. (Tirm's 
cataloguc Ho. tooc] 

6. RepcaHng Surface 
Theodolite, mhd milh n- 
üoluing hOTiiontai circlt 15 cm 
in dmmthr, diuided inb yl^ 
reading direct to 30'; reuolDing 
alNtudc circlc 13.5 cm diamrter 
diüidcd info V,\ readtng 
dircd fo 30", fi spirit- 
ku£l hauing a senstHue' 
nfss of 50' is affircd 
lo thc alKidada of thf 
alHtude circk. llie tele- 
Ti9.P. scope is rcoersible, has 

W c itt Bto amtf OpHcs. 




3, PoAet rhcodoUtf, med 

yjith horizontal adjustmcnt and 
adaptcd for simple hDriiontal re- 
jctition. thc telescopr is of the 
rrreslrial type, magnifies S times 
and is Fitted with ratk and pinlon 
movement. Ihe mstrument is 
Fftted toith a detadiable compass 
hauing a needle 10 mm long and 
graduated into Vi°- The horizontal 
circle is about toomm in dia- 
meter and diuidrd into Vi*, i^wd- 
ing direct to 60 V the altltude arc 
embraces =t25° diuided into Vl^ 
readinadlrecttos'. Circularbubble 
for adjusting the ptn, and stand. 
Fig. 3* (Firmes caralogue Tlo. 38.) 




Fig.». 
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an aperhtrc of 90 mm and magnifies about 25 Hmes. the inshitment is supplied in a casc and »Uli 
a stand (Itted with a metat head. Fig. 5. (Tirm*s catalogue Ho. 684 a.) 

T. StafT-ranger. Reg. in 6mn. D.R.6.m. no. 50,990. of oridiied brass loiHi sfnsiHiie drcular MUt 
These stafT-rangers are supplied in neni large numbers in consequence of Hieir beina fhe mosi cm* 
nenient means for quiditii ranging stanes and staHon-poles being besides anailable m many othcr 
purposes. Tig. 6. (rirm*s catalogue no.Ut.) 

the catatogue of this firm, whidi mai| be had free on appticaHon, conlains in about 200 paocs of 
descripHne and illustrated matter a large selection of Instruments. Turther Information lottl also te 
supplied by the Superintendent in Charge of the Joint £rhibition of Mechanicians and 
Opticians. 



2. I. 6rtel & Sohn, Wunidi, 21 couiscnstr. 

Reiche nbach's Nathematical and Mechanical Institute. 

t. Prof. Kreuter's Projection tacheometer, as shown in nie niustraHon, for immediatihi 
determining the reduced leoeis and horiiontal ofTsets of any point sighted from the stand-point, fn 
suroeuing and leoelling without calculation. Rt the same time a universal Instrument ftnr engineer's 
leDellmg and suroeving u)ork. Ihe Instrument is eouipped with a reoersibie telescope, fitied with 
telemetric eye-piece, or 29 mm aperture and 99$ mm rocus, striding spirit-lenei and mirror, rtading 

from the euepiece end. there are hoo 
spirit-leüefs at right angics to eiA 
other. Circle (40^ of U2 mn dia- 
meter reading direcf to t', and Ander 
dioided in Vt*" with pointcr. 6radtta- 
tion on silner. the limb and ocmier 
are protected bu metai coners fitted 
with glass plates and are read bij 
mooable magnifiers. lOeight Skg. 

2. Nedium-sized Unioersal 
CeoelUng Instrument, the hori- 
iontal circle has a diameter of 140 mm 
and reads to 90' by two oemiers and 
mooable magniflers. the limb and 
oemiers are protected bi| a metal 
casing Rtted mith glass coner. the 
altitude are has a radius of 60 mm 
and reads to r bv a double nemier 
and monable magniflers. the drcles 
are graduated on silner. the tde- 
scope has an aperture of 20 mm» 
a rocus of 990 mm and magniftes 
23 Hmes. n is (Itted Wim a telemetric 
eyepiece mith constant tOO. teoel 
loitn mirror, nisibie from euepiece 
end. tlie Instrument has another 




spirit-lenel for rapidlu setting it in a 
horiiontal position. vOeight 4.0 kg. 

3. Fork £enel (small ertet leoel 
without circle), on brass tripod, mith 
telescope haning an aperture of 29 mm, 
a focus of 210 mm and magnifying 
20 times. Rt the side of the Supports 
a pointer seroes for eipedihousli| 
setting the telescope in a horiiontal 

Sisition. the spirit-lenel is nisible 
I its mirror from the eyepiece enl 
eight 2.9 kg. 
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4. PolygonaHng Theodolite (archftecf s theodoUte, tadieometrical theodoUte) totth hod- 

lonUl circle of 150 mm diameter reading \o 50' direct the Umb and oemitrs are protected by a metal 
casina Rtted loitti glass plates. the alHhide arc has a radius of 10 mm and reads direct to t' by a oemier. 
the ctrcles are graduated on silner and read bu mooable magniflers. the alhidada has a circular bubble 
and Hie frame is flHed at i\s side with a hibe lenel. the tefescope has an aperhire of 31 mm and a fbctis 
of 244 mm. U is reversible on the objectioe side and is equipped toith a relemetric eye-piece, haoing a 
constant of 100. the telescope is fltted loith a reversible and detaduble spirit-level. weight 5 kg. 

5. tadieomehical Compass (field and forest compass) for topographic suruevs, mounted 
on tripod, and fltted loith a telescope haning an aperture or 30 mm and a focus of 116 mm and tele- 
metric eyepiece haning a constant of 100. the telescope is fltted with radi and pinion. the alti- 
tude arc has a radius of 50 mm, it is dinided into Vt"" on silner and reads by a pointer and magnifler. 
the stnding compass has a sensitive needle 10 cm long, toith an ercellent central lodiing arrangement. 
the compass circle is dinided into sinole degrees. the telescope together toith the arc is retiersible so 
as to correct the collimation. R tubulär let)el is at the side. the Instrument is pronided toith hori- 
zontal coarse and Rne adjtistments. lOeight 9Vtkg. 

6. RSther's Reflecting Circumferenter (D.R.6.m. no. 51,44$), consisting of two monabie 
mirrors, circular bubble and compass. Rnailable as a circumferenter for the graphic reproduction of 
directions for plane table and topographic sumetiing, as a compass for measuring horizontal angles 
and as a protractor for plotting the angles measured tvith the compass. 

T. Heller '5 Orientating Instrument (D.R.6.m. no. 69,969) for supplementing and correcting 
positions on maps and plans, also for the graphic suroev of small tracts of Und. the compass is 
lern in diameter. Circular lenel. the telescope magnifles 6 times and is fltted toith a telemetrical 
eiiepiece, haning a constant of 100. 

8. Hydrometrie Propeller, Indicating by dirrerenHal wheels 1,200 renolutions, reading to V, re- 
noitttion. the threepropeller blades are made of aluminium and have an ertemal diameter of 15 cm and 
a toidth of 21 mm. tnere is no rudder and the apparatus is fltted with a ntr^ contienient form of release. 

9. Certificate relating to a hydrometric propeller tested by the Hydrometrie testing Department 
of the Royal Polytedtnic Sdmol, of Munidi, shotoing the coefRcients and a graphic representation of the 
eqtiation erpressing the nelocity of the toater current. 

to. DratOino of the Notor Car emploued for these tests. the car has been built at the carriage 
toorlis of Jos. ifathgeber, of Munidi, from data suppUed by Prof. Dr. M. Schmidt. 



3. 6. Falter & Sohn, Wunidi, ssKreuzstr. 

Nedianical Institute. 

n. Frank'S Hydrometrie Tube semes the purpose of determining, by one Single Observation, 
the mean nelocitti of the nertical component of toater currents. Its construction is based upon the 
method of determining the mean hydraulic pressure, the latter is produced in a perforated tuoe han- 
ing the holes placed against the current and causes the column of tnater to rise tnithin the tube to a 
ccrtain height abone the water-lenel according to the mean dynamic pressure, the reading is taken 
\nf means of a manometer indicating meter-seconds. 

the Instrument is anailable for all kinds of hydraulic measurements in canals, streams and riners, 
and has alreadti been used for a number of years by narious administrative bodies and tedinical 
Colleges in Rttssia, Rustria, Itali| and 6ermani|. 

Btrther Information toill also be gioen on application. 

4. Otto Fennel Söhne, Cassel, s wortiistr. 

Nanufacturers of Suroeiiing Instruments. 

1. Repeating Theodolite without altitude circle, with Umb 12cm in dUmeter, cross-leoels 
on the alhidada, reversible and transit telescope and striding lenel on the telescope spindle. Fig. 1. 
thts model is made in tioo siies, with limbs 10 and 20 cm in diameter. 

4^ 
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2. Repeating Nining theodoltte toith horUonUl circle toith Umb of to cm internal diamdcr, 
alHhtde cirde S cm diameter, cross-lroels on the athidada, reuersible and transit telcscope, stridfaii 

leuel, compass to rcst npon Hic horiÄmlal «is 
and (leid üluminaHon Hinntgh thc spindle. 

this modet is made in hoo siics, toith Umte 
to and 20 cm in diamctcr. Tig. 2. 

3. R.Fenners Orimtating Instrument, 

for the magnetic orientation of polygonal sides 
in mines. 

Ihis Instrument consists of a minina theo- 
doUte loithout altitude circle hanin^ a limb of 
15.5 cm in diameter, npon mhidi ts placed i 
Fenne l orientating magnetometer. 

this magnetometer represents the (Irsl in- 
stance rohere the usual long magnet needle has 
been replaced bu a bell maonet suspended bn 
a quartz flbre. this method ensures a degree 
of sensitioeness lohidi eiceeds by far that ob- 
lainable loith magnet needles oscillating on 
pioots. 

the Instrument erhibited is theprop- 
erly of the Roual Prussian Minina Rca- 
derny at Berlin. R detailed descripnon of 
the inslrument, including illustrations and dim- 
tions for adjusting and treatino it, willbe found in the ''Mittheilungen aus dem Markscheider- 
wesen,** neue Tolge. Heft l. 1099. Published bu Crai 9t 6erlach, Treiburg, Safoni|. Comprc- 
hensioe tests haoe been published by Mr.Bimler, of the Royal Mining Suroey, in the Zeitschrift 
f. praktische 6eologie. Ro. T. 1090. Published by Julius Springer, Berlin. 

4. I^Sagner-Fenners tacheotneter. this Instrument consists of a repeaHng theodolitc, 
haoina a horizontal circle 15.5 cm in diameter, a telescope fltted with telemetrical cross mires and a 
projector, whidi takes the place of the altitude circle of tfie usual forms of tadieometers. Fig. 5. 

In all tadieometers prooided with an altitude 
circle, the horizontal distance and eleoation of the 
foot of the tadieometer staff has to be calculated 
with the aid of a slide-rule or tables with respect 






Fig. 3, 



Fig. 4. 
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to the ceiitre oP the inshiiment from daU supptied bi| the stafT reading and the anoular alHhide. 
the I0agner-rennet tadieometcr enHretii oboiates the laborious process of tooking up tables 
and caloilaHoti, as the horiiontat distances and sea-tenels at the foot of the staoes are gioen direct 

by the projector. 

these tadieometers are fulli| described in an 
iUustrated toork entitled'.-^^Die tOagner-Ten- 
neTschen rachi|meter des mathema- 
tisch-mechanischen Instituts nonOtto 
rennet in Cassel Cassel USB," and ««Sup- 
ptements I and II, t$9t." {Prkt Marks 5.) 
this book discusses the theor^ of the projector 
and suppties füll directions for the adjustment 
of the Instrument, also numerous testimonials 
supported bu numerical data, the Frendi edi- 
tion of this Dook, the price of whidi is Marks 9, 
bears the title:-^*«£es tach^ometres 10 ag- 
ner-Tennelderinstitutmath<matiQue- 
m^canique Otto Tennel ä Cassel, Rile- 
magne, tSST. Paris, 6authier-Dillars, 
Tig. 5. 1mprimeur-£ibraire, Quai des Ru- 

gustins 55." 

5. Lcvtl with rotating telescope, reversible spirit-leoel and tilting screw u)ith dioideddrum. rig.4. 

6. Nining Compass, Cassel pattern, consisting of a oertical sector with compass and are, in 
leather case, and circumferenter in case. Fig. 5. the magnet needle is mounted u)ith its edge upwards 
and is 1.5 cm long. 



5. V([ax Hildebrand, late Rugust üngke & Co., 

Preiberg (Saxony). 

Vlakers of Rstronomical, Suroeying, Nining, Netallurgical and other Instruments. 

Established tT9t. 
(See also Section lila.) 

a. Rstronomical Instruments for Explorers. 

1. Uninersal trawlUng Theodolite with altitude circle of Ucm diameter and horizontal circle of 
\i cm diameter. the nemiers are read off without paralUur by powerful microscope lenses. the ercentric 
tdescope of 25 cm focus and 55 mm aperture serues for the obseruation of the eclipses of Jupiter*s moons. 

2. Hildebrand*s Unioersal traoeUing Theodolite, ritted with altitude circle 97, cm in dia- 
meter reading 50' bv nemiers, horizontal circle Sem in diameter reading 60*. the ercentric telescope 
has a focus of t2cm and an aperture of 20 mm and is prooided with artiRcial Illumination. 1t is 
(Itted with a tetemetric scrcw. Darious magnetic Instruments may be mounted on the theodolite. this 
theodotite has, in a large number of erpeditions, both in the polar and tropical regions, proued its 
nalue as a connenientlv and safely portable instrument of considerable preciston and adaptabilitu. Its 
weight is t.ekg. the instrument erhibited is the property of the 6erman Rdmiralty. 

b. Suruetjing Instruments. 

1. ScretO microscope Theodolite mith a reootoing horiiontal circle Ucm in diameter, eadi di- 
oision of the microscope drum reading 5'. the nemiers of the altitude circle read 20'. the telescope 
has a focus of 52 cm and an aperture of 52 mm. the instrument erhibited is the property 
of the 6erman Rdmiralty. 

2. Repeating Theodolite loith estimating microscope. Horiiontat circle u cm in dUmeter, 
tmmberea microscopically and dinided in Vi*"- the instmment ts pronided with a microscope, by means 
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oP tohidi eadi interoat of the Umb is dioided into to minutes and eadi minute nura be dtoided hüo tl 
or fücn 20 parts bi| esHmaHoti (6' or 9' respecHodii). the mean error is ^2'. the Mescope is motnilal 
fbr central rransit on its hiinnions, it has a focus of 90 cm and an aperhtre ^ 92 mm. this ii- 
strument is the propertii of the Roi|at Agricuttural College of Berlin. 

3. tachlltnehlcal the Odoltte, (Itted loith round compass and stadiometer screio. the oemicrs of 
the tecm horiiontal circle read 20', and those of the altitude circle 90'. 

4. Hildebrand'S CUno-tadltometer, deslgned IVom suggestions b9 Prof. Ch. R. Dogler, «id 
emboduing the fundamental principles of Hoarewe and Sanouet. the telescope is direcied umi 
oertical scale staff. Its guide rod is dispiaced l mm by the tilting-saeui, the clampina arm and tde- 
scope fotlow the mooement before and after whidi the readino is taken. the internal a on the slaff 
and the reading b taken on the guide rod (b being an integer) gioe the siahting distance = tOO a «id 
the sighting eleoation = ab + lower reading on the staff. the point of intersecnon of the guide rod 
and the clamping arm describes a strictlu rectilinear path on both parts. the tunriiontal chrcle is di- 
oided into Vi ^^^ ^be alhidada is prooided with two oemiers and an auriliani Inder, the instnimcnt 
has also an orientating compass. this Instrument is the propertii of the Royal Agrlcuitural 
College of Berlin. 

5. Rfpeating Field Theodolite, fltted with a 12 cm horiiontal circle, reading to 90' by nemiers, 
and an altitude circle readino to 60' bi| oemiers. the telescope, whidi has a fbcus of 2 t cm and an 
aperture of 25 mm, is mounred centrically in transit fashion and is (Itted toith a distance thread and 
reoersible spirit-leoel. 

6. Hildebrand'stelescopic Plumbing Rpparatus, foraccuratelyplacingthecentresofsur- 
oeying Instruments abooe Station points. the bodu of the small telescope seroes as the afis of rotahon 
of the Instrument and is adjustable oertically by means of intersecting spirit-leoets. the objectioe 
mount is spherical, and fits into the cylindrical openino of a centreing plate upon whidi the apparahis 
is placed bu its tripod. the process of centreing is identical u)ith that of the old Treiberg method origta- 
ated bu Hlldebrand for mining theodolites and their signalUng appliances. It is equallii well adapted 
for fleld suroeving u)ith the aid of Signals. 

T. TlagelandHildebrand's CeoelUng Instrument for measurements of the highest degree 
of precision, fltted with telescope of 44 cm focus and 41 mm aperture. the position of the spirit-leoel is 
Seen without parallay from the eye-piece end with the aid of a magnifler, mirror and markings Hi- 
scribed upon the glass. the upper oody is tilted on its horiiontal ayts by means of an eieoating scrao. 

8. CevelUng Instrument with reversible leoel for precise work, constructed upon the same prhidple 
as the preceding instrument but simpler in detail, the focal length of the telescope is 96 cm only. 

c. Wining Instruments. 

(Speciality of this firm for more than a Century.) 

t. Nining ttieodoUte adapted for repetition, haoing a horiiontal circle of t6cm reading tO' by 
oemiers and an altitude circle reading 90'. telescope of 21 cm focus and 21 mm aperture. Between 
the Standards of the telescope ayis the instrument is fltted with a bor compass the needie ends of 
whidi can be obserued magnifted tO times in the telescope eyepiece and an oojectioe prism hidden hi 
the telescope spindle. 

2. Podiet Nining Theodolite, haoing, in addition to the centric telescope, an eicentric telescope 
to screui on. the horiiontal circle is 6 cm in diameter, the altitude circle 6 cm, both reading to 60*. 

3. Circumferenter withHildebrand's sight-oanes, whidi owing to their undungeabie natureare 
steadily superseding the old folding oanes. 

6. R. Weissner, Berlin W., es Tncdridistr. 

t. Prof. R. Doergens's Universal traoelUng Instrument. Circie 6 cm dUmeter dinided inh) 
Vi** readino to l' by oemiers. the telescope has a focus of 12 cm, magnifles 6 times and is dtted with 
telemetrical eyepiece. the oertical ai is is adjusted by means of a circular bubble, and oblong spirit- 
leoels with two bubble centres are mounted parallel to the telescope. A compass is permanentlu attadied 
to the graduated circle, as in Floinot*s tadieometer. the dioided circle can be useif in tuio 
positions by means of adjustable sleeoes. lOhen the circle is horiiontal the instrument 
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is aoaiUble ftnr measurina horiiontat angles and magneHc ai imuths, also oerticat atigtes not erceeding 90^; 
when it is oertical me inshiiment can be used for measuring DcrHcal angles toiHiin :^90^ and Por 
leodling. In dther position the inshiiment is completety balanced. the eihibits iliustrate both posiHons 
of Hiis inshiiment. 

Both instruments are the propertii oP the Roi|at Technical College at Charlotten- 
bttrg. Ihe same instrument has been used succcssfullii bi| Dr. Stuhlmann in Africa, by Dr. von 
Drygalski in 6reenland and by FIr. Scholl, 6onemment ardiitect, in ttaly. 

2. tacheometer totth flyed t^ertical spindle, whidi, being mounted upon the head-stodi by a 
ball and sodiet Joint, can be rotated as well as mooed sideways and admits of the theodolite being 
rapidly set up centrally and with its alhidada spindle oertical. the instrument is prooided with the 
Rtrings fbrReichenbach*s telemetric method with altitude circle, as well as those for measuring 
dislances and elenations by means of a clinometer scale and screw. R tubulär compass is attadied to 
ttie side of the aiimuthal circle. this tadieometer is erhibited on its own stand. 

the instrument is the property of the 6eodetic Collection of the Royal Rgricultural 
College oP Berlin. 



T. Randhagen, Wedianician, Hanoüer. 

1. Jordan's tadieometer with celluloid altitude arc. Circular tacheometer with (lUr tele- 
meter. Double altitude arc oP 13.5 cm radius; graduated into Yi"* on celluloid and reading to t' by Single 
Inder lines. the horizontal circle has a diameter oP 14.5 cm and is dioided in yi" reading by oemiers. the 
objecNne has an aperture of 54 mm, a focal length oP 4$.5 cm, Huyghenian eyepieces and maonifles 
94 times. the instrument is fltted u)ith a striding compass, a tube spirit-leoel attadied to the altitude 
arc, and a bor-leoel mounted on the oertical spindle (see Zeitsdir. P. Dermessungswesen, IS99. p. 50). 

2. Jordan's Protractor withcelluloidarc. Rlhidada protractor, Por ensuring accurate centreing, 
mith reoolning ercentric slide-ruler to mooe along the T-square. the protractor circle has a radius oP 
5 cm and is made oP celluloid. the slide-ruler is adjustable by a graduated arc Por mapping out the 
magnetic deoiation (see Zeitschr. f. Dermessungswesen, t$99. p. 135). 

Both Instruments belong to the 6eometric Collection oP the Polytechnical College 
of Hannover. 



S. Ih. Rosenberg, Berlin N., 95 chaussecstr. 

Nathematical Inshotment Maker. 

1. Station Pole Bubble, easily attadied and remooed. to Pacilitate the oerHcal holding oP the 
Staues mhile sighting and Piring. 1t is also adapted Por use with the staff oP the optical Square 
or the cross-staff. 

2. Tlepeating Theodolite toith Hoaretoe's ainometer-screio Por occasionai use, when meas- 
uring distances and eleoations after £orber and Sichler 's method. the aiimuthal circle is cooered, 
its hmb has a diameter of 12 cm and is dioided on siloer into y^" reading 30' by oemiers and moo- 
able magniRers. the telescope is reversible, mounted on transit ayis and rltted with ciamp and micro- 
meter movement, the iatter being in the form ofa clinometer-screu) with drum and scale. the 
object glass has a focus of 300 mm and magnifles 30 diameters. there is a striding leoel abooe the 
transit aris and a circular bubble behoeen the frames. 

3. Tadieometrical Theodolite, the cooered aiimuthal circle has a limb 14cm in diameter 
and is dioided on siloer into Vj^ reading to 20' by oemiers and mooable magniflers. the telescope 
is mounted on transit aiis and fltted mith clamp and flne adjustment; it has a focus of 250 mm and 
maanifles 24 diameters by means of an orthoscopic eyepiece fltted u)ith telemetrical cross-lines. the 
alfitttde circle has a cooered limb dioided on siloer into yj" readino to 50' by oemiers and moo- 
able magnifiers. Rn alhidada bubble u)ith flne adjustment serues ror accuratetu setting the oemier 
indei. A striding leoel is sitiuted abooe the transit aiis of the telescope and a leoelling bubble 
is permanently attadied to the iatter, also there is an adjustable circular bubble within the frames. 
Rn oblong ortentating compass can be placed upon the transit atis. 



B( 
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4. Taditomctcr toxi 
Hogreme^s CUium 
SCreiO, ror measttritia an 
disUnces and dCDations 
£orberandSickler*sii 
Rdapted (er modetäM^ h 
siahnna. the telescopej 
ed in adjustable rings, ins 
of 535 mm and magniftcs 1 

ameans oi an orthoscM 
rce, shoiotng the diois 
bie starr disHncHiia» 2561 
telescopc Is Attcd tottli 
oersible bnbblc read 
30' rrom the qKpiccc ( 
meansofamirror. theal 
bears a drcuUr bnbbk 
aiimuthal circle is • 
and dioided on silncr t 
reading to t' bi| mooabk 
Rers and tu>o oemiers, 
mhidi (A) is (Itted mith 
riliani pointer to obolal 
errors. Rn orientatin 
pass can, loithoul troi 
aflbred abooe the tetcsci 

S.tadifomehicPtaii 
riieodoUtt, as suggeste 
R. 09 ler. the eteoatton 
are rendercd independei 
indhution oT the tabh 
bnbble alhidada, t 
lontal anales Iw a crosj 
the ans or rolatUm of » 
stitidcs Hie stratah 
Tkt telescope isor th 
bf^ has afecasoTMO 
mapuyRcs SStoMS b^ 1 
»Nfic (^pictc Atttd «ilh 5 tfle m ctTic cross «tres. Vkt altttnde arcs are ifnideJ 0« Sil 
V VMi^ lo 50* te oemicrss «ht4i can be ac m r a tfhi set b^ an rihidiii bnbMe. ow oT Hiei 
tu a i Mtl i » Atttd lo il an awiliani porntcr« so as to oboiatc §ross errors. Tkt cross kvhhle 
Ofw Hie Jlrai|iht^<^. is faralki 10 the hransit ans and can be sd hoii— tilln Ir^ mtams 1 
mtw «NIh Uiyc müiM hcad. Rn oricntatino compass can be ättaiMi lo nie starifiil-cd 
mn ^w w nl of Ihis Cnstmmcnt inctndcs a smaU slndnoi Imrt to place abooe üv transU aois fo 
1^1 and a «siiitnlar b»bMc (br llir pUne table. 

Ik Sinifitr Ccwl Rllcd uriHi Hoorcnirs QiiKHiictrT«san o> lor kneit stäNi 
vrinn the hwlOMutj^ l^mc of otstni mctts «he Monond oe p>asse^- abMc Hit ^MMn-onle« also fw/r 01 

a ^-«s oT 5S5 wm and mii 
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the 
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The OkSttwMut e^ i^Mi vNth a cimniar birtiblt ne 
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iMlit i^Om^ K'e obithMi tOiOMi itahMi Miinu whcn the acictMus 
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irl Sdieurer (Firma C. Sickler), Karlsruhe, Baden. 

Court Medianician and OpHcian. 

h-Scheurer's Plane table tadieometer and RoUer Slider. this udieometer is 
suroeuing Operations generallii requiring the use of a leueL theodotite and plane table, the 
can De employed in tioo ways. Tig. t shotos it fitted toith the plane table in a central 
;., arranged as a tadieometer for the suruev of moderatelu large areas (scale t:500 to t: t,000). 
of the Instrument is surmounted by the central Ried plane table A. Rbone this table a 
d toith a Scale C is rigidlu attadied to the aiimuth alhidada so as to tum together with 
e. the drawing paper whldi usuallu takes the form of a pierced sheet of tracing paper is 
een these two disks. Upon this all the points sighted should be pridied ofT, and the ele- 
isured by the slider should be noted. Tig. 2 shows the other method of using the instru- 
lidi the Diane table 
ercentric position. 
the tadieometer is 
topographic sur- 
; from 1:5,000 to 
is a straight-edge 
fitted a toothed 
F is a f\M€d plate 
i is a Scale whidi 
mected with the 
moDements of the 
'€ transmitted to 
f bu the geared 
J. theprocessof 
Kere the same as 
itrallii (Ired table, 
olute lenels are 
by the cylindri- 
smeter slider. 
> siohted at those 
whidi the corre- 
heometricalscales 
upon the roller. 
US is sufficiently 
or use in the Reld 
set in the same 
; required to read 
id distances at the 
Ihe result is ac- 
und immediately 
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oderately faoourable conditions 600 points can be obseroed, computed and plotted mithin 
iig hours. 

atina Theodolite haoing an a^imuthal circle of Ucm, an altitude circle of 15 cm, both 
protected by glass couers. the telescope has a maonifying power of 50 diameters and 

It is mounted on a transit frame and can be 
bubble, and a striding leoel and compass fit 



ith a telemetrical euepiece reading 1:100 
Hie altitude circle \s fitted with a oemier 
t the horizontal spindle. 

il Universal or traoelling Theodolite. 

e altitude circle, has a diameter of 12 cm. 



the horiiontat circle is adapted for repetition, 

- the telescope is reversible and mounted on a 

te. the equipment includes a striding leuel, oemier bubbles on the altitude circle, tele- 
rpiece reading 1:100, field Illumination through the horizontal aris, an ''elbow** eyepiece 
ass and a tuoular compass belou) the horizontal circle. 

u)ith Si Chi er*s Percentage Dinometer-screui for measuring slopes and distances. the 
reversible and can be rotated, the leoelling bubble is Anety adjusted bu means of a tan- 
and its position is shown by a mirror. the tangential scrtw is ntted Wim a drum dinided 
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into tOO parts. Ihe distmce of Hie dinometer-screio from Hie horifontal HtHng avls is oactlq opul b 
SOO hims of Hie screio. eadi tum is shown on a dioided inde«. Tioe htrns comspotid to a fall «f 
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the half dioisions tif Hic drum can ke 
esHmated loith the greatcst ease. 

5. Pfrcentage ainometer, of ori- 
ginal design, bdng a pcndttlum hislre- 
ment, consisHng of a rcctangitlar fnm 
tohidi, bcing suspended bu a ball andsoM 
Joint and nlted Moio loUh a plttmlMMb» 
altoays assumes a ocrtical posiHon. Ikc 
frame is prooided loith hoo slots «Ute 
lohidi hoo diopters can be moocd ani 
adjusted bi| means of graduafions. 

eadi oP thcsc dioisions amounis lo 
0.005 or the distance betwecn the dioptcrs. 
tlie rise and fall can ttierefore 09 ib 
means be read directlu in percentages. 
the diopters are adapred for fore ani 
badi signting. 

6. Mayer^s ainotneter, for xm- 
suring slopes and angles, being a pen- 
dulum Instrument fltted with lens diopter 
without magnifying power and adapted 
for fore and badi sights. the insmi- 
ment is oery small and handi| and can 
easiln be carried in the podiet. 

T. Darious Qdied 6tass Platte 
for the computation of areas. 

Motototototototototototototot ot^^ 



to. Widi. Sendtner, Wunidi, 22 sdiuierstr. 

Mf (hanical and tedinical l9orks. 

Small Theodolite toith Rttadiable Compass. this Instrument is easily centred. Bi| a coupUn» 
of special construction the instniment can be quidily adjusted for use in the horiiontal positioiu 
It is adapted for use as a theodolite and as a teoel the instniment is easilii tested and adjusted 
before being used without the aid of special means. the spirit-leoel can, when desired, be replaced 
bv a compass. 

aat^aaaaaaaaaaaaaaaataaaaaaaaaaat^aaaaaaaaaa 

\\. Ulilh. Spoerhase, late C. Staudinger & Co., 

6iessen (Hesse). 

Physical and Nedianical l9orks. 
(See also Section 1.) 

Measuring Instruments for Forestnj. teUscopic and dioptric Instruments for forest 
and road suroev, reconnoltring, leoelling, Äc. tree heloht and thickness gauoes. Simple 
measuring and regist ering Instruments of the larest form for the suruey of timber. lOim- 
menauer and Spoerhase*s circular counting gauge. 

Ani| of the appliances required in practical forestrtp are hept in stodi or supplied. 
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\2. W. Stieget, Casset. 

SdetiKfic Instrument Mahtr. Spfcialittj: Rstronomical, 6eodetic, Suroniing and 

Mining Instruments. 

t. nining Theodolite, reading bv oerniers and flUed at the bottom of the telescope framestoith 
I dctaduble oblong compass. the posiHon of the needle ntds is sent toithout paratUur through Hie 
tdcscope qicpiece. Tirm s catatogue no. 249. 

2. Vlining Theodolite toUh detaduble compass fltHng the telescope spindle. the tetescope is 
mounted ontside the frame so as to render the instniment auaiiabte for plumbina pits. Tirm's cata- 
loguenos.244 and 2440. 




Fig-t. 

TraoetUns Theo4oUte. Qrclcs tlcn in dUmetcr. nrm*s aUtosur no.2ls. 

3. Simple Theodolite reading bi| oerniers. the drctes are dinided on argentan. Finn*s catalogue 

no.». 

4. TraoelUng Theodolite, smattest pattem, aoailabte for repetition, toith outside tetescope and 
detaduble bubbte. Tirm's catalogue no. 355. 

5. Mining Compass toith detaduble compass proper. Dtoistons on argentan. Tirm*s catalogue 
no. 292. 

6. Cevel with reoersible bubble. the latter is permanentlii attadied but can be tumed round the 
aiis of the tetescope. the Instrument can be tilted so as to correct the bubble. 
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T. FiQUre Pundling Madline, of original design, for appropriitclj pundüng flgures o» ^^jW 
circlcs of all kinds, Äc., also for inscribing flrms' natnes. Thls tnadiine is 50 cm in diamctcr andte 
prooided loith hoo 5e\s of tccth, The original dioisions arc aoailable for numbcring in rerms or m 
saagesimal and centesimal system. 




Fig. 3. 



R detailed price-list mav be obtained on apolication to tlie Superintendent in charoe of tli( 
Joint Erhibition of Mechanicians and Opticians. 
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13. £udtoig lesdorpf, Stuttgart, rt Forststr. 

Mäher of Scientific Instruments of Precision. 

Specialih): Rstronomical and Suroetjing Instruments. 

(See also SecHons lila and IV.) 

t. Universal Instrument. Both circles haoe an internal opening of ITcm diameter. thqi are 
iduated into Ve^ and 6' can be estimated by reading microscopes. Ihe telescope magnifles 36Hmes. 

2. Small Universal Instrument adapted ror repe mion. Horizontal circlets cm dUmeterdiDided 
silucr into V•^ readino to 6' by hoo scrno-microscopes. the objectioe has a particularlu large 

erhire and maonifles 34 rimes. the oertical circle is dioided into Vs** «nd reads to 30'. The instru- 
mt is prooided toith a telemetric eyepiece. R telescope compass is fltte d beloto the horizontal circle. 

3. Compass Theodolite adapted ror repetition. Horizontal circle of 20 cm diameter dioided into 
*, reading to tO'. Rltitude circle IT cm diameter. In addition, the edge is dioided into Vi'' ^o ^^cili- 
tr the localization of stars (for surueiiing purposes the Instrument has a percentage scalej. 

the correctina screios of the striding spirtt-let)el seroe at the same time as supports on the telescope 
is and fiave ntted to their ends rounded culinders of aaate so as to oboiate ovidation of the points 
contact. the absence of any screios acting in opposuion to eadi other remooes the possibility of 
raining the Instrument while adjusting it. 
the compass is mounted behoeen the Standards, the magnetic needle is 120 mm long. 

4. Compass TtieodoUte adapted for repetition. Circles of 12 cm and tOcm diameter, reading to 
' and t' respcctioelu. the telescope spindle is perforated as in the preceding instrument. the cross- 
ics are iihtmtnated oy a Untern. Rn elbow eyepiece is prooided for zenith obseroations. 

5. Tadllimeter Theodolite adapted for repetition, with compass and circumferenter. Horizontal 
cle tlcm diameter, altitude circle tOcm, dioided on siloer into Vt^ reading to f. the telescope 
ignifies 34 Hmes and is adapted for measuring distances. 

S. Small Tadltjmeter Theodolite without means for repetition. Circles to and S cm respectioely, 
idnated on siloer into Vl^ reading to f. the telescope maanifies 20 times. this instrument is 
Drialttt adapted for suroey in forests and mountainous distrtcts. 1t is prooided with a distance 
asurmg scale on glass. 

T. Carge Theodolite adapted for repetition, haoing a horizontal circle of tlcm diameter, dioided 
Ve^ reading to tO'. the oertical circle has a diameter of 13 cm and is dioided on siloer into Vs^ 
ding to 30'. the telescope magnifles 30 times. 

8. Smallest Traoelling Theodolite. Both circles haoe an internal dUmeter of T cm and are 
ided on siloer into Vt^ reading to V. the telescope is acentric, magnifles 13 times and is prooided 
th oertical micrometer adiustment. the spirit-leoel is reoersible. the instrument is fltted with an 
piece prism prooided wtth two sun-glasses and has an eyepiece telemeter on glass with oertical 
rs for Star obseroations. 

Rote, the base of the compass is perforated and cooered by a glass disk so as to render the 
rit'leoel mounted beloui conoeniently accessible to obseroation. the weight of the instrument, in- 
ding its case, is t. 900 kg. 

9. Cldagner's Tadieographometer with adjustable flUr telemeter. Both the projection of ob- 
iiehl measured distances upon the horizontal plane and the eleoational differences of the point sighted 
uccd to the centre of the Instrument can be read off directlv without any further calculatfon bu means 
the distance-rule attadied to the telescope, two graduated rules attadied to the frame and tne base- 
te and a mooable projection triangle, the method being based upon the tadiymetric formula E = D • cos^a. 
the distances, haoing the anallactic difference corrected, can be directlv mapped out on paper with 

aid of the mooable needle apparatus whidi traoels in conformity with the projection triangle. 
the altitudes are also reduced to the constant instrumental leoel of t.5m before being read off. 
r declination compass fltted to the frame is adjustable with respect to the true meridian and can 
dctadied so as to render it aoailable for setting out on the drawing table. 

10. Ttltino Theodolite of the tatest construction, haoing a scale 60 cm long capable of parallel 
ustment. uie telescope is mounted for transit. the altitude are has a limb of IT cm aperture and 
dhiided into VJ^ reading to 30' direct; the oemiers are fltted with special spirit-leoel adjustment. 
r spirit-leoel is reoersible. the telescope magnifles 34 or 36 times. the distance scale is etdied on glass. 
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tt. Under-struchire of Suraetjing Table, for no.to, adapted ror UbUs o( any siie. 

t2. £arge EeDeUing Instrument for aact toork at considerable distances, R. Uagner'ssiistai 
the telfscope magnifles 60Hmes. Ihe spiriMrael, tohidi has a sensiHoeness of 5 to 6', is rfocrsiMl 
and protected front the influmces of temperahire bv a metal coner. Ihe position of the bubble an k 
obsemed directlv front the eiiepiece end by reflection and a lateral magniniing lens. 

13. £et)eUing Instrument for evact toork. the tetescope is mounted on four cameol priM 
and tums on its longitudinal aiis. 1t has fltted to its side an accurately oround 6' reocrsible s^" 
lenel. Simple rotation through tSO^ position I (spirit-lenel on the left) andf nosition U (spirit-lend 
the rightl, and aact adjtistment of the bubble in either position, sufflce to nimish neru eract ' 
enen toirh imperfectly rectified instruments. 1f, for erample, during transport the spirtt-lend 
its Position tolth respect to the aiis of coUimation, the oalues of ^ as read off the staoes in p 
1 and II may be found to be respectinely greater or snuller, but since the final natue depends 
their arithmetical mean those nalues are or no cottseouence. 1t should, hotoeoer, be noted thal 
taking successioe readings in positions I and 11 the telescope should be tumed carefitUy. 

14. R. Dagner's Patent EeuelUng Instrument, simiUr to no. t2, but with telescope magnifr 
ing only 24 times. Ihe telescope is Ukeuiise mounted upon four cameol prisms. Renersible spw 
leoel sensitive to 10'. 

15. R. Dagner's Patent Pochet EeuelUng Instrument, with telescope magnifiiing tstia« 

in case. 

16. R. Dagner's Patent Pochet CeoelUng Instrument, with telescope magnifiiing nnma, 
in case. 

IT. Dr. Schlichter*S Photographic Camera for geographic localiiation. the method consisis 
of photographing in rapid succession the moon together with one of the distinctly oisible planets or 
a fured star of the flrst and second maanitude situated near the moon*s orbit. For that purpose tkr 
dark-slides are arranged in sudi a way rhat sir photographs can be taken in rapid sttccession »ttk i 
Zeiss Rnastigmat Series IIa, of 205 mm focus. tadi erposure is taken toith a slit 10 mm wide. Xk 
distances are measured by a glass micrometer 10 cm long, dinided into 0.5 mm. 

tS. Orientatton Instrument for orientating the position Ofmines, the horiiontal drclehasn 
internal diameter of 15 cm, dinided into Vs"* ^nd reading to 20". the declination compass is mountd 
in an accurateli^ central position and can be drawn out; it has a magnetic needle 15 cm long piooted 
on a ruby cap. By means of a lens Rtting in front of the object-glass the telescope can be temporarOy 
connerted into a microscope, toith the aid of tohidi the diuisions at the end of the magnetic needle cai 
be sighted. 

the lateral auriliary telescope seroes for nadir and 2enith obseroations. the telescope spindle is 
perforated and fltted toith a Untern. 

19. Percentaoe CUnometer (Diopter-Instrument), with altitude are, uihidi, in addiHon to the per- 
centage scale, is dinided into Vl^ reading to 10' b^ a uemier. 

20. Prof. Dr. Decher*s Prismatic Drum for setting off circuUr arcs. 

2t. Ctniometer, with three rollers, for determining the lengths of lines of any form (cumes, spirals, 
serpentines, kc], 

22. Ciniometer, with set)en rollers. 

23. Protractor, for fli ing on the plan a point whidt has been localiied with respect to three gitwi 
Points by triangulation. 

note. ttie manipulation of the Instrument is rendered more conoenient bu ttoo interdtangeabU 
centres, one being fltted toith a needle and pen, the other toith cross-lines mied on glass. 

24. Prof. Dr. Hammer* S Parallel Ruler for rapidly plotting down points. 

25. Hydrometrie Dane, specialis constructed for determinations requiring ahighdegreeofaccuraqi. 
the apparatus is fltted with an electrical indicator, giuing one Signal at the end of eoery 50 reooltt- 

tions, and is entirely made of nidieled brass with the eiception of the oane and spindle, tohidi ttt 
made entirely of aluminium, the ends of the spindle are fltted with agate points running in conical 
agate cups, so as to reduce the coefflcient of fricrion to a minimum. 
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14. IVlajf Wol£, Bonn-qn-the-Rhine. 

Scientific Instrument Maker. 
(See also SecHonVb.) 

t. Reinhertz Tadieometer toith cytindrical alHhide circle so dfsigned as \o enable the ob- 
\o takc all bis readings frotn a flye d posiHon. Both circles are dioided into Vs^ reading bv 
TS \o V. the aiimutbal circle bas, in addition, hoo Demiers reading \o 20'. uie telescope is 
with telemetricat toires and a telemeter-screio reading t:tOO. 

Carge Reinhertz £et)el toitb cUnometer-screio and double toires for adJusHng the dioisions. 
tdescope bas an aperhire of 42 mm, foctis of 42 cm and magnifles 30 or 40 Hmes. Ibe bubble is 
^oely screened (Vom the efTects of heat and reads S' per dioision. the clinometer-screio is protected 
dust. Ibe spindle and its bearing are made of hard steel and the entire under-structure is designed 
NHi a oieio to solidity. 

ti. Repeating Theodolite for demonstratlon and practice, to illustrate all eristing errors. 
Icaiimuthal drcle is dioided into Vt"* and can easilu be throton out of centre: the same applies to the 
Mices. The diopter-telescope and diaphragm can be displaced lateralli|. the altitude circle is dioided 
ib whole degrees and is aoailable for horizontal and lenith angles. RH the spirit-leoels are deeplv 
med and oraduated and numbered throughout. In addition to a striding leoel, the Instrument has 

Bbles attamed to the telescooe, the alhidada of the altitude circle and the telescope frame. R circular 
ble is fltted to the lower nrame. In addition, there is in the middle of the frame a compass with 
feooable centre. the tripod is fltted with plates for setting the Instrument up ani|U)here wirhout risk 
|f injuring it. 

4. £et)el for demonstratlon and practice, to illustrate instrumental errors. the telescope 

Lreoersible and fltled with mooable objectioe and ocular diopters. By means of a mooable collar 
adjustment is disturbed in a manner whidi is strikingly shoum by the remooable bubble. the 
llescope is, in addition, fltted with a flred spirit-leoel. the bubbles are deeply curued and graduated 
hrougnout. the telescope bearings can be raised and lowered. R reversible and optically equipped 
rlescope is supplied with the Instrument, so as to practically demonstrate the optical errors. tnis, 
i well as a large circular bubble, are attadiable to the frame of the leoel. 

5. Brandls*S Hupsometer, with graduations in degrees and percentage, as used by foresters 
nr measurin^ the height of trees, by suruei|ors for reducing hypotenusal to horizontal readings, for 
alculating differences of eleoation, setting off road lines, ic. Conoenient tables are supplied with 
kese Instruments, the object, diopter and araduations are seen concurrentlu. the reading is accurate 
lithin Vit"** 'Hie Instrument is uery conoenient and, being well encased, emtnently adapted for tropical 
Ihnates. 

RH these Instruments are the property of the Royal Rgricultural College at Poppeis- 
lorf near Bonn. 



C. TlauKcal Instruments. 

t. Carl Bamberg, Friedenau near Berlin, 39/4t Kaiseraiicc 

Scientific Instrument Mäher and Optician. 

estabUshed tSTt. 

telegraphic address: Bamberg-Friedenau.-^telephone: Friedenau no.t4. 

(See also Sections lila and IV.) 

t. Deviation Magnetometer wlth Rottoh's Dertlcal Force Balance, for comparaHoe de- 
imninations of the horizontal and oertical components of the earth*s magnetic intensitv, especially in 
^onjunction with nautical deoiation work. the Instrument is likewise acUpted for measuring the mag- 
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tutk dcdituHon aiul dip. the oertical (cm baUiue supplic d «ifh fhc instntmnil serws tar 

rtic ocrHcal nugnetk Itnes of forces and, espccUUii, ror compensaHiig Hir errors dm lo oertical ii- 

duction in mariners' compasscs. 

2. Carge noatitig Compass, 
Lt, toSh 4 internal stecrit} 

poTnts and elasHc double bonmi, 
rose totth niagnet consisHng of M 
laminae, enamelted card tfinnii 
diameter, dioided into degms it 
Hic edge and Agured boHi foror- 
dinarn and prisnuKc readtng. the 
compass is iMüanced andsuspendd 
in rotier bearingstoiHiin Hie helmcL 

3. Diopter Rttadiment, fsr 

the alMioe, toitli telescope, sliadon 
pin and large ocular diopter, di- 
oided imoards into degrees and 
rcading t^ opposite indtces. thr 
sighting teleräpe tias an aperturc 
or 3tnini, lOOmn focus, magiii- 
fies § times, emtn^aces an angle of 
3"*; it is (Itted loitti a oertical totre 
and is numnted upon Standards 
fltting the diopter. 

4. Compensating Compass, 
Fig. 3, (Itted loith a set of soft 
iron cores situated in the lioriiontii 
piane of the rose magnetneedles and 
grouped in a circle or ellipse round 
the latter, so as to increase the di- 
rectioe forte and correct the oblioue 
quadrantal error. By altering the 
Position of the compass bor, this 

compass is aoailable for neutralixing 
the constant deuiation. The compass 
bov and rose are similar to those of 
the floating compasses. 

5. Ordinary Boat*s Compass 
with rose US mm in diameter, hoo 
layers of double laminated magnets, 
gimbals and folding stand. 

6. Diopter Rttadiment for the 
abooe, dioided into deorees and reading 
by two opposite poinrers. 

T. Binnacle with sphere carriers 
and correcting spheres consisting of 
brass column 300 mm in diameter, com- 
pensators haoing 3 magnet-carriers loith 
4 C-magnets on eadi, a loioer circle with 
indices and double clamp, uertical in- 
duction magnet sleeoe to raise and loioer 
bu duin, helmet with door, night-helmet 
ring «ith set-screws, gun-metal foot 
with 9 screui-douin bolts and plates. 

8. Goal Reooloino Dight-helmet 
fbr the Binnacle, «Ith I petroleum 
tantems. Head-light and front and Tig.!. 
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iMUk door fttlfd toith Screening pUtes, also Urge door toith shut-ofT screen, lotoer ring fltted toith 
rollers and clamping screio. 




Fig. 4. 

9. Sounding Madline toith protecting hood of galoani2ed iron, in teak-toood boi lined toith 2inc 
and ftited toitti gun-metat feet and comer bindinos, toith separate receptacle for all accessories, counter 
and diät, nuUeaote steel cranks, calipers, gun-meral pullev block, 3 scales, 4 sheaths, 4 galoaniied iron 
rings, finc Hns for glass hibes, Hn ror talloio, Urne uessel, naseline pot, 4 iron sinkers, tOO prepared 
gUss htbcs in case und 600 m of tested toire. 

tO. PneumaHc Dtpth Recorder toith sheath, for depths not meeding 300 m. 
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2. R Haecke, Berlin S.O., t24 wrangcistr. 

OpHcian and Philosophical Instrument Mäher. 

t. Carge Reflecting Prismatic Circle. 

2. Small Reflecting Prismatic Circle. 

3. Sevtant. 

4. Octant. 

5. Mercurial Horiion fitted toith hood. 

McAaalcs wU OpHcs. 
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6. Ferk's Parallel Protractor. 

this protractor soloes in an efUcient and orpcdient manncr any of the usual probtems of naoigatimi 
by thc durt, dispenses toith thc durt compass and saoes the durt itsetf from «rar and tear. this 
unioersal instrument for mariners, cartographers and constructors compriscs mithin one instrumcnt 
the functions ofthe folloioing appliancesi-^Parallet ruter, set-off sauares, double protractor, 
alhidada protractor, compass card dioided into V4 and Ve potnts, T-square, set-square 
and metric straight edge. 

6v the parallel motion and the simultaneous lateral displacement of the two adjustable compass 
arms cross-soundings and bearings, as determined by angular measurement, can be set out in a miti- 
mum of time, and are easily conrrolled as the whole Operation can be seen at a glance. 

Uhen used on durts the protractor is placed with its front edge aUmg a parallel of latitude ntf 
the compass-circle is adjusted, with or without allowance for the magnefic narialion, by means of Hie 
oemier of the alhidada. the remaining steps are oboious. 

T. Double Protractor. 

8. Soundlng Dlsh for determlnations of dlstances. 

9. Deep Sea Sample Dratoer. 
to. Sea-bottom Drag. 



3. 6m. 6. Meyer, Hamburg, St. 6eorg, n Rn der Koppel. 

Mechanlclan and HauHcal Instrument Mäher. 

Speclalih): Patent Cogs, Seftants, Octants. 

Siloer Fledal: Kamburg tSS9. 

Patent £og Indlcator for determining the speed of a nessel at sea, consisting of the countint 
log and a propeller. the log is screwed to the railing abaft, and the propeller drags a Eine 10 n 





Fig. i. 



Fig. 2. 



long, the rotation of the propeller is transmitted by the line to the indicator, whidi shows the dis- 
tance in Knots tranersed by the rjtssil 
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Fig. 3. 



R nciD feahtre of ttiis Patent Cog Indicitor, lohidi obUined a siloer tnedat in ttie Hamburo trades 
Cihibition of tSS9, consists in the racility prooided for completely opening the tog tohile achtalfji toork- 
ing, so as \o clean or tubricate it in good time. By this arrangement the spind(es are not apt to run 
drv, and the indicator is protected from irreguUrity. 



emcmememememcmcmcmcmcmcmemem(mcmemcmcmcmcmememcmcmcmcm 

4. RKepSOld & Söhne, Hamburg, 96 Borgfelder minelweg. 

(See also SecHons 1, 11 and lila.) 

D0llen*S PrismaKc Tube, tlie accuracy and distinctness attainable in modern dioiding engines 
is sudi that toith the aid of a reading microscope the circle, though only 35 mm in radius, fumishes 
readtngs comparable to those attainable toith a circle of about 200 mm radius read by a oemier. 

Ihe Instrument is primarily intended for use on a stand, but it is also aoailable at sea for use in 
the hand. 

This Instrument Is the property of the Tmperiat Marine Obseroatory at Hamburg. 




y 
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IV. NeteorologicaU 6eo-tnagneUc Ihermomet 
and Calorimetric Instruments. 

t. Carl Bamberg, Triedenau near Berlin, 39/41 Kaiserai 

Medianical and OpHcal 1i9orks. 

established tSTt. 

Tdegraphic address: Bamberg-Triednuu.-'Tetephone: Triedntan Ito. 14. 

(See also SecHotis lila and III c.) 
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t. nagnetic Theodolite for Obseroatories. HorUontal circle haDing a diameter of IT cm, an 
ercmhic coUimator of 34 mm aperhire and 3 t cm focus fltted toith adiromaHc microscope t^tpitcc 
magnifying 30 times. the deutanon rail adapted for sine readinos in E.W. and N.S. \s deraduble, it 
lias a circular secHon of tSmm, a Itngth of $50 mm and is diDided into ctnHmetres. Fig.!. 





TO SecHon IV. 

2. MagnetiC TraoelUng Theodolite. Fig. s and 9. HorinmUt drcU of \9 cm diamdcr, readiai to 
30 seconds bu opposite oemiers. The dtclinaHon sysltm is reoersable, stoings on plools, oftohidi sfar m 
provided for tnterdunging, and is fltted toith a conoenient fbrm of arresHng «rranacmcnt Its mooemols 
are read bv a mirror and collimator. The inshumtnt is fltted toith a smatl piooted intensity niagnct Ike 
deuiaHon rail is adiusted for sine readinas in E.W. at the fUr ed disUnces 100 and 154 nun. uie onW 
includes an oscillatina bor toith scale and flUr Suspension, inertia ring, a oessd for dderminitia \k 
coefRcient of temperanire, a reflecting dipping compass toith hoo needles ttsnini long, hoo straiii 
magnets, magnetiiing stage and other accessdries. 



2. Carl Diederldis (Proprietors: Spindler k Hoytr), 

ßötUngen-on-the-Ceine. 

Scientinc Instrument l9orks. 
Physical Demonstrating Rppliances. EeoelUng Instruments and theodoUtes. Reading 
Telescopes. Psydiological Instruments. Dioiding on Metal and 6lass. Oectrical and 

Magnetic Fleasuring Instruments. 

Unioersal Maonetic Traoellina Instrument in tohidi Hie deoiaHon of ttic wrttcai and 
horiiontal needles Is obseroed directty by means of a mirror attadied to the nectflc splndte and a 
tetescope attadied to the instrument. 

this instrument has been constructed from Prof. Dr. Sctiaper's designs and is in the possession 
of ttie 6eo-magnetic Station of tübeck. 



3. R. Fuess, late J. 6. ßreiner jr. & ßeissler» 

Steglitz ncar Berlin, T/S Düntherstr. 

Medianical and Optical l9ortis. 

(See also Sections lila, Vb, Vd and Vg.) 

t. Sprung-Fuess's Barograph. R descHption of the older form of ttils Instrument «ilt be 
found in the following pubtications: Bericht über die wissenschaftlichen Instrumente auf 
der Berliner Oeioerbe-Russtellung tST9, p. ass.-'Zeitschr. d. österreichischen 6esell- 
Schaft f. Meteorologie tSTT, p. 305 and tSSt, p.t.-^Zeitschr. f. Instrumentenhunde tSS6, 
p.tSO and tSST, p.333.^£a CumUre electrioue tS93, p.lTO. 

Thls apparatus consists essentialli| of a registering balance fltted loith a guide rotier. 11 posscsses 
the followtng distinctiue features:-^ 

t. Ihe Graphic notations are made in rectangular coordinates in absolutely constmt ratlos. 



3. Ihe friction of the sprina against the registering drum is not only approdmately tmt tntirelv 
harmless. Ihe curue accordingly may be traced directly upon a stone. 

3. Ihe movement is magnifled considerabl^, nie t:tO. Ihe rotier «eight can homeoer be shifted 
so as to yield other ratios. 

4. Ihe temperature has no influence upon the readings of the barograph; the tube belng slmplq 
cylindrical in its entiretv. Ihere is onlu a small residual source of error due to thermal mftuence, 
whidi is compensated bu the erpansion of the tube belou) the upper leoel of the mercun|. 

5. 6rrors due to capiflarity are corrected bu an Immersion arrangement. 

6. Itie barograph is for these reasons mu(h more accurate than all earlier designs. 

Instead of weighina the column of mercuru, as in this instrument, it can be rendered analtable for 
the regish^ation or other data, e. g. the weight of rain and snow, dew and hoar-frost, enaporatlng loater, 
and also the ath^action and repu(sion of unre spirais through whidi an elechic current is passing. 

2. Hellmann-Fuess^s Self-recording Rain-gauge. Fig.t. ihe rain-water is made to collect 
in a culindrical oessel containing a float carruing on its upper aris a tradng leoer. Ihe scriber Irans- 
mits tne mooements of the float to the regtstering band lohldi is attadied to the clmimfirrence of a 
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A clodttoork hoiised toiHiin !he drum causcs the ai is to htm once in 34 hours. As soon as 
li nn o( rain haoe faUen the cyUtidrical vtsstX is automaHcallii empHed b^ a olass syphon and the 
jcriber immedialelii rehirns \o tne lero tine. the tracings are ofry disHnct, rhe dimensions teing 
sdcclcd so as to makc eadi internal of one hour 15.9 mm and eadi mitlimehx of rainfatl S.2 mm on 
Hk paper. See Meleorot. Zeitschr. tS9l, p.4t. 

3. SprutiQ-Tuess^s Electrical Registtrina Rnemometer. Tor descHpHon see Zeitschr. 
r. InstrumenrenlLtsse, p.to, and Meteorol. Zettschr. tsS9, p.344. 

Ihis instrument consists of evlernal füHngs and the registering apparatus. 

a. the erternal fittings comprise Robinson*s cross-boiols and a oane, the aies of tohidi are 
all placed oerticalti| one abooe the other so as to ensure unifbrm eiposure at all directions of the wind. 





Fig.t. 



Fig. 5. 



Tig.2. 



Both the cross-botols and nane rest upon a steel point so as to reduce friction to a minhnum. The 
cross-boiols are oery small and light in order to drminlsh the momentum of inertia as far as possible 
and consequently to ensure prompt response to rapid fluctuations of uelocitv. 

b. the registerina apoaratus is of nooel design inasmudi as the paper band is not propelled 
btt the clodi but bv the mind itself through the instrumentalitu of an electro-maonetic escapement 
umilst the clodi traces horiiontal hour lines. Consequentli|, the inreroal on the paper between two hour 
lines is proportional to the summarv rotation of the cross-bouils and therefore also to the wind-waii 
corresponding to that hour. this feature renders the apparatus eminentli| adapted for the preparation 
of the customary wind durts of meteorological stations. 

In addition, the dunges in the oelocitu of the wind are registered within the interoal of one hour 
smu the clodi causes the scriber to graduallii mooe within the space of an hour from the left to the 
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riaht sidc of Hic papcr band, aftfr lohldi it suddntly rrhims, frradng tohilf doiitg so Hic hoüT ! 
r«rrcd to. The direcHon of Ihe loind is rcoistrrfd t»i| four sinaU scrlbcrs, tht tracing mdir-' 
S points of the cotnpass direcHi|, and tuat \$ Bij csHmatr. 

4. Sprung-Fuess's Clectrically Reoistering Rain-gauge, asdescribed m tht ItituHü 
Tnstrumentcnh. tSS9,p.90, andWetforoKifilschr. l««9. pJ44. 

the apparahis consists of \ht crUrnal fitlings and tht 
registerlna instrument 

a. Ihe eyternal fittings consisl of a double cased bin loilh- 
in whidi a so-calied Korn er 's rodier Is actuakd by tht ratn-ioater 
collecHng abooe. R$ soon as V«mm of rain Kas coWtchd the 
rodier ooerbalances and at the samt time sends An f Icctric current 
throuQh the registering apparatus. During winUr thr bin is hcatcd 
bv hör toater, lohidi automatically matntains in the coUrcHng funnct 
a temperature of 2 or 3* C, sudi as is best adapted for melting the 
snoio. For this purpose the apparatus ts fftted toith a thcrmo- 
regulator, the thermometric oessel of lohidi ts placed into the 
double casing of the coUecting fitnnrL the mercuni colutnn rc- 
gulating the gas inlet is withm the bin uihereas the heating and 
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Tig. 6. 
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bv-pass flames are housed in a separate casing so as to preoent corrosion through Hie gases of 
combustion. 

b. Ihe registering apparatus is almost identical with that of the anemometer no.9, ercepting that, 
naturalis, the four direction-springs are absent. Ihe current is not only closed b^ Hie movement of Hie 
wind or weight of the rain-water, as the case may be, but it is, in addition, oraduaUu tumed by the clodL 
Ihis feature is parHcularly itnportant in the case of the rain-gauge. 1mmediateti| arter the quidi retum 
motion of the scriber to the lefr the paper band is made to adoance a small distance, the acHon being the 
same as that whidi takes place when the rodier is tilted. Ihis distance is subsequently deducted, the neces- 
sitv of the gap arising from the fact that in dru weather it loould othenoise not be possible to sefiarate 
the hour-lines. Cross ruling of the band signines therefore rainless weather and is equioalent to sero. 

Ihe uniform mooement of the saiber is twice as large in the case of the rain-^aiue as comparcd 
loith the anemometer, amounting, accordinglv, to t mm per minute. Ihe object of this (arge mooement 
is to render the apparatus sufflciently eract for the purpose of making a rigorous companson behoeen 
the rainfalls at distant staHons. 

5. Campbell-Stohes's Sunshine Recorder, adjustable for differnit degrees of UHtude. 
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6. Podiet Rntmometer toith cross-boiois. Fig. 2. 

T. Rntmometer no. II, counting up \o tO,000 m, totm DentiUHng propeUer. Fig. 3. 

8. Rnemometer no. IV, counHng up \o t,ooo m. 

9. Dr. Rssmann's Rspirating Psychrometer as described in the Ze itschr. f. instru- 
KtenlLtSM, p. t. Fig. 4. 

10. Podiet Rspirating Psychrometer, Fig. 5, as described in JtUntk's Anleitung 2ur 
sffihrung meteorologischer Beobachtungen, ftc, IV. Edition, IL Part, p.4. 

l, 1i9ild'7uess*s Precision Barometer. 

ifc Idild'Fuess'S Standard Barometer as described in the Instruktion des Königlich 
bslschen Meteorologischen Instituts für dieBeobachter an den meteorologischen 
|tomen, Berlin tSSS. Rsher k Co. V3ild, ibid. 

S. Station Barometer as described in the ''Instructions" referred to. 

4. Helimann's Cight TraoelUng Barometer, mounted upon a wooden lath (itted with 
Ted brass-scale and bayonet Joint. Owing to its small weight, whidi does not eiceed t.Skg in- 
hi% a leather case, it is particularlv adapted for inspecting work. See Meteorolog. Zeitschrift 
:, p. 35p. 

5. Schubert's Pstjdirometer, asdescHbedintheZeitschr. r.Instrumentenk. tS96, p.329. 

6. Stationary Psydirometer with aspirator, with maiimum and minimum thermometer. 

T. Vlarimum and Minimum Thermometers ror no.te. 

8. Insolation Thermometer. 

9. - ' , adjusted for maiimum readings. 
0. Uater Thermometer with scooping oesset. 

t. Narine Thermometer with scooping oessei. 

3. Minimum Thermometer with (uung of toiuoi. 

9. Treezing Point Thermometer, dioided into v,m degrees. 

4. Prof. Dr. oon Danchelman's Hypsometer. Fig.6. 

5. Hlipsometer in wooden boy, as described by Fr. Orütimacher, Zeitschr. f. Instrumen- 
k. U9T, p. 193. 

6. Carge Standard Thermometer with arbiträr^ graduation of %"" from to tos«* c. 

J. ' ' ' dioided into V,o* from to \W C 

!8. ' ' ' ' - Yto"* from 30 to 102"* C. with an tnlargement 

within the interoal from 50 to 9r C. 

!9. - - - - - 7,0* from -30 to ^SO* C. 

>0. Beckmann*s targe Standard Thermometer, dioided into Vim'^c. 

'1. Rn Rssortment of Ten Thermometers. 

nstruments nos. t, 3, 4 and 14 are the propertii of the Royal Meteorological Institute 
Berlin-Potsdam. 1t was intended to include in the eihibits Sprung-FueSS'S Rutomatic 
itoarammetric Cloud Recorder, but the instrument could not be spared. the nature of the 
irams will be seen from a photooraph accompanied bv floe photograms. the latter should be taken 
iatrs Joining from lefr to right, the photographs being taken concurrently at the eitremities of a 
r of 1409 m, the camera belna tumed oertically upwards. R small cloud whidi in one camera 
»rs ei actlv in the middle of the plate is shouin parallacticallu displaced in the other, the amount 
he displacement depending upon the neamess of the cloud. the apparatus registers therefore im- 
tatelv the altitude of the ciouds, and bv taking two double photograms successioely their speeds 
directions can be measured. the photograms nos.44S and 449 are connected in this manner; the 
r photograms are independent and seroe eiclusioelii for determining the altitude, the oelocity and 
cHon betng determinable by the additional aid of a nephoscope or cloud-mirror. 
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thf apparahis toorks auhmuHcatlti a rain cap, and after Hie orposure also a platc-dunger and i 
dtnicf for adJusHng the posiHon of tne frcsh plare, after tohidi it is readn for rcneioed acHon. 

See Rapport du Comltd mdtdor. tntornat, rdunlon d'llptal, 1194. ntUorol 
Zeitschr. tS95, p.Stl. Zeitschr. f. Instrumentenk. tS99, pp.ttt and tl9. 



4. F. 0. R. 6oet£e, £eip£ig, 4 Härtcistr. 

Prof. £. Beckmann*S Thermometer «oith variable mercurn durge for determining stiuU 
difTerences of temperahire at all temperahires tohidi can be measured in eoacuated mercuru thermo- 
meters (Zeitschr. f. phuslkal. Chemie 11, p.044; XV, p.OTI; XXI, p.l53). 

Ihe scales embrace buf a small number of dearees flgured in an uptoard succession aad 
are dioided into Vim a^d Vsm degrees respecHoeiy, and toitti the aid of a magniflcr can be 
made \o read </;«• and Viom"* C respecHneli|. 

R duracterisric feahire or these rtiermometers is the looped fbrm of Hie mercuni reseniotr 
(Fig. t), bv means of tohidi any desired quanNhi of mercuni can readily be separatcd from 
the bulk of the mercurv in sudi a manner as to oboiate the retum flow of the mercurii Hras 
isolated. V3ith equal ease the lohole or äxiy porHon of the isoiated mercuni can be made to 
floto badi to the main column. 

In addition, these thermometers posstss the folloioing disHncHne ftatures:— ^Ihdr sales 
are made of opal glass hermeticallti enclosed in the outer gtass tube, and hence eitremetii 
flne dioisions can be clearlv seen loithout effort. A nedi or stem of appropriate tenoth is 
made to interoene between the bulb and the capillani tube so as to utifiie the füll lengHi 
of the Scale. 

the erhibits comprise:-^ 

a. Thermometers for freeiing and boiling tests, with Short bulbs so as to aooid high fluid straU 
when determining boiling points. Interoals of Vim^ Fig. 3. 

b. Thermometers for freeiing tests, with long bulbs. Interoals of Vlol^ Fig. 9. 



Fig.l. 




Figs.2and3. Vi ^H si^e. 



In addition, the following thermometers are made:-^ 
Range of scale: t degree. Interoals: Vno degree. 

5 to 6 degrees. - Vim 

- - 10 - 12 - - Vm - 

- - 25 - 50 - - Vm 
- 50 - 60 • - Vti 

Thermometers are also graduated in any other manner, to suit special requirements. 



5. Hartmann & Braun, FrankforNon-the-Wain. 

Wakers of eiectrical Weasuring Instruments. 

(See also SecHon VI.) 

t. ?r. Kohlrausch's Carth-maonetic Bifilar Dariometer (Firmes cataiogue no.4to). in 
contradistinction to 6auss*s instromem this oariometer is Rtted loith a small tubulär dead-beat 
magnet influencing its oicinitv onli| in a slight degree. Ihe constant is determined simply bv the 
torsion-head, and the Suspension controUed bi| means of adjustable mirrors. 
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3. Tr. Kohtrausch's Carth-magneHc Darionwter with direcHv attadied reading teiescope 

(Ftnn's catalogue no.4tt). 



% 




K Tditr bar-magncts are emploued \o deflect the suspntded steel magnet mirror and produce in Hidr 
■Mctaihi a neni uniform fleld; rhqi can be moDCd so as \o nan| the required degree oP sensiHoeness. 
^^Thc magnet needle is deflected 90** out or \he meridian, oscilUHons or \he declinanon haoe accordingly 

no innuence upon the readings. 

Ihe horixontal intensities oP terrestrial magneHsm at difTerent places can accordingly be compared 

toith great niceh| (t: 10,000). 

3. Fr. KohlrattSCh*S Simplf £ocal Dariomettr ror determining the local dunges or the 
horiiontal intensity (Finn*s catalogue Tlo.4ttal. the method oP Observation and the general principle 
o( ttie inshrument are the same as with the intensity nariometer, but the instrumenf is simpler and 
more portable. Its degree oP accuracy sufflces ror most purposes (t : 1,000). 

4. Fr. Kohlrausch's tlnifilar Tiagnetometfr. Ihe magnet is attadied to the badi or the 
mirror whidi at the same time seroes as an air damper tFirm*s catalogue Tlo.4t5), or as an annular 
nagnet in a copper damper, capable or rotation wirb respect to the mirror, and mounted with a 
minimum use or metal (no.4t5a). 

5. 6 au SS and l9eber*S VUqatlomtltr for determining the horUontal intensity and de- 
dination (Firm*s catalogue no.42t). 

6. L V)€h€r*s DifTfrential earth-maaneHc Inductor CFirm's catalogue no.426), containing 

two similar coils the positions or whidi are mterdungeable, and mounted so that they can be tumed 
\W nmnd their aies whidi are placed at right angles to eadi other. 

R Single minute sumces to aetermine the inclination angle with the aid or a differential galnano- 
meler in whidi the currents passing through eadi coil are made equally strong by appropriate Shunts. 
Ihr ratio of the Shunt resistances gioes the tangent or the angle or inclination. 

this instrument is the property of the Physical Institute or the (Inioersity of Kiel. 
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6. W. C. Hfraeus, Hanau. 

Platinum Smettfr and Ne dianidan. 

this flrta has, a\ \he insHgaHon oP the Imperial Physiul and tediniul InsKhtte oP OurtoUenburg, 
occupied itselP conHnuouslii for \he last Pno ytäts toilh Ihe preparation oP pure metab oP ttie pUKnim 
group. Ihe laller can noto be supplied in considerable quannlies and in an almost absolurdii pure 
slale. 

These pure melals haue been applied lo oarious scientific purposes by the Imperial Physical and 
tedinical Institute and are partlu used Por tedinical purposes. ihis applies in particular to pure pU- 
tinum and rhodium as used in the manuPacture oP Le thatelier*s tnermo-elecrric couples. 

the possession oP pure platinum has led to the production oP platinum alloys whidi Pormerlii, betng 
prepared Prom impure metals, could not be put to practical uses. 

this applies in particular to the platinum-iridium alloys, whidi, though containing a tiigh percenhige 
oP iridium, possess all the properties oP platinum and, in addition, a degree oP hardness whidi is stmiUr 
to that oP steel. This has rendered platinum aoailable Por use in seoeral departments Prom whidi it 
was Pormerlu acluded. FIr. Herm. Trommholi, oP Berlin, makes, e.g., plannum-iridium canulae of 
platinum aKoyed with 30 per cent oP Iridium, the demand Por whidi is increasing annualty. Flatinic 
alloys constitute inoaluable Clements in the manuPacture oP many medial and scientific appliances, 
otoing, principally, to the inoariable properties resultino Prom the purity of the metal Pure iridium, 
whidi is euen harder than platinum-iridium, is employeo, in the construction of many scientific instni- 
ments, in the Porm oP Rne disks and rods. 

Ihe erhibits include:^ 

t. ie Chatelier'S Ihmno-elfCtriC Couplf, in the erhiblt oP the imperial Physical atd 
Technical Institute oP Charlottenburg, and oPmessrs. Keiser k Schmidt and Siemens k Halskc, 
oP Berlin. 

2. Rods oP pure platinum, palladium, rhodium and iridium, in the evhibit of the Imperial Physical 
and tedinical Institute. 



T. Junkers & Co., Dessau. 

Uorks: Junktrs & Co., Dessau, 6ermant|. 

Representatioe: Rrthur Schleicher, Paris, 1X3 Rue St.-Wartin. 
State Fledal: Flunidi IS9S. 6old Fledal: Rheidt IS99. Siloer State Fledal: Berlin 1199. 

t. Prof. Ilunkf r'S Calorimetfr. Patented in nearly all countries. Kighest auiards: Chicago 
tS93, Crfurt tS94, Ceipzig IS9T, Flunidi IS9S. 

this calorimeter seroes to quidily and accurately determine the caloric oalue oP gaseous and fluid 
combustibles. Tig.l. 

the combustible is consumed by a suitable bumer with an open flame within a compact oessd 
prooided with a large heatin^ surPace and is made to gioe off the whole oP the heat euoloed to a uni- 
Porm current oP water flowing throuah the oessel so as to establish a State oP inertia, when at any 
Qioen instant the amount oP heat carried away by the current oP water is equal to that generated by 
the combustion. 

the caloric oalue is determined by multipluing the amount oP water corresponding to the gioen 
quantity oP the combustible by the increase or remperature and dioidinß by the quantity oPgas bumed. 



the calorimeter has been tested bu many authorities, e.g. the Imperial Phusical and temnical Insti- 
tute oP Charlottenburg and ProP. Slaby, who haoe cernRed a degree or accuracy whidi aoreed 
within 0.4 per cent with the best hnown strictly scientific methods. In spite oP its great evacrness 



the Instrument is well adapted Por practical purposes; it does not necessitate anu determination oP the 
thermic water-oalue, &c., and can be worhed in a Pew minutes by any untrained person. 

the calorimeter is being used in coal- and water-gas works, motor works, blast-Pumaces, tedinical 
Colleges, laboratories, kc, Por determining the caloric oalue oP coal-gas, water-gas, acetulene gas, gene- 
rator-gas, Dawson-gas, cupola-gas, petroleum, naphtha, ligrolne, beniine, beniole, spiriC kc 
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Tig.!. 



Tig. 2. 



2. Prof. Ilunher's Rapid Uater Htater and 6as Bath-htattr (on the same pHndpie as 
Hic calorimetnr and similarly conshitcted). Tig. 2. Uater-current heaters for the rapid and economical 
generation of a conHnuous current of loarm, hot or boiltno loater. Ihf gasfs arf fullv uHlized to toithtn 
92 per cmt as cerHRed b^ ofRcial tfsts. thn^ are made in uarious sizes \o suit eiisHng requirnnents, 
i.e^ fdr 60, t20, 200, 300, 450 calories per minutf and morf. thfSf hfaters are being used bv physi- 
cUns and surgeons, dentists, coifTeurs, in restaurants, caf^s, hitdiens, bed-rooms, Uoatories, and bath- 
rooms, Por the maintenance or entire domesHc loater-heaNng pipes, for rinsino loine-, beer- and milk- 
bolttes, Photographie and lithographic plates and other commercial and domesric purposes. 

Z. Ernst Locwe, Zittau {Saxony). 

Philosophical Instrument Mäher. 

Highest Rioard: IntemaHonal Fledical Congress, Condon. 

Stloer Medals: Condon, Rnhoerp, £ioerpool, Talmouth, Melbourne, 6drliti. 

metallic Indeir IVUurimum Ihermometer, described as the best atsHng 
rener-thermometer. Ihis Thermometer can be guaranteed to remain rellable. U 
is undungeable, permanent and unbreakable, and can be repaired at any time. 
It is supplied loirh certiRcates by the Imperial Physical and tedinical Institute 
or Charlottenburo. 

Tiany or the highest authorities testiry to its acellent qualities. Ooer 20,000 
or these thermomerers haoe been supplied. 

to be obtained through any important Instrument dealer, or rrom the manu- 
racturers. 




FmU siit. 
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9. 6. £ufft, Stuttgart. 

Waker of metallic Barometers. 

Cargest Establishment for the Manufacture of WetalUc Barometers. 

Highest Ruiards. 

this firm ums established in tllO and undertakes evclusioely the manuracture or metallic baro- 
metcrs, of uihidi nuny thousands are eiported annually to all parts or the world. Attention is primarily 





TS 
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beshnoed upon accuraqi and suiUble desianing. the erhibits arc intmdcd to iUtistrilc Hic high 
Standard of accuracy readied by this firm, m consequence of lohidi its prodncHons, lohercocr ohibikd, 
hane inoariablii been atoarded the highest dlsHncHons. the narious objects of numtfuhirr «rc rtintsnited 
by a Urge assorhncnt of barometers diuided into hoo groups. 

6roup t. Ornamental Barometers. Ihfse are made in a great oariety of styles and siits. 
both for hanging and Standing, in metal cascs and toooden frames, with and toithout Hicrmometeri 
Ihr indicaHons are evtremely accurate and so Urge as to disctose eoen nery small osdUations of 
pressure, the toeathcr durt is inscribed in any of 29 languagcs. 






the largest of these barometers are designed for adoertisino purposes, e.o. in front of optidans* 
Shops and for public use. their dials oary (Vom 95 cm to 2 m and rheir monemeius are conrespondingty 
Urge, distinct and aact. 

Ihe Urge Rdoertising Barometer is suspended (Vom an elegant unrought iron braAet. thedial 
has a diameter of 60 cm, and shouis on one side a barometer, on rhe other a thermometcr. 





aei 



6rottp 2. Scientific Barometers, t. lOatch, Pochet and Iraoelllng Barometers Ibr the 
use of tourists, engineers, smelters and aeronauts and for altitude measuremenls. 
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2. Registeriiig Instruments. Self-recording 
Barometers. Registering Thermometers. Re- 
gistering Thermometers for breioeries and malt- 
rooms, to read from toithout. 

&uh instrument bears a trade-mark. The toholesale 
trade only is supplied. 





to. Möller & Sander, 
Rltona-on-the-£lbe, 

64 Frledcnstr. 

Proprietor: IH.WöUer. 

NftaUic Barometer Uorks. 

Rioards: 
Kamburg tSS9, Rltona tll9, Kiel tS96. 



Holosteric Barometers 
in u)ood and metal frames. 

Scales 
in all modern languages. 



Information may be obtained from the 
Deutsdic Sccwarte, Hamburg. 
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tt. W. niehlS, Berlin N., tn Schönhauser RUee. 

Naker of Technical ßlass RppUancfs and Nfasuring Instraments. 

established 1882. 

Rioards: 
1893. Chicago, Ihrte highest aioards. 
1895. Cfibfdi, 6otd NedaL 
189T. Berlin, Sitoer State NedaL 

1898. Düsseldorf, highest aioard. 

1899. Budapest, Siloer Nedal. 



1. Ihe High 6rade Rod-thermometers ahMUd m dioided up \o -4-550* 

or 5S0*' C. Che graduations and lettering are, b^ an oriainal process, Rrst etdied 
and subsequentlu bumed in. These ttiermometers are fflled under pressure witli 
a dry gas (CO|N), and loere Rrst made by Dr. Schott, of Jena. 

The Rrst high orade thermometers did not readi beyond 500* CX, the pressure 
on the mercury being about to to t2 atmospheres. Che thermometers subse- 
quently made bu the firm for the Imperial Physical and tedinical Institute readied 
up to 550* C, fne pressure abooe tne mercury being 20 atmospheres. OP these 
thermometers upwards of 2000 haoe been made and supplied to public Offices 
private users. Ihermometers reading with sufficienr accuracy as high as 
r C. haue not been made until recently, a rod-thermometer of this kind haoing 
Rrst been shown by the Rrm in tS95 at the Meeting of the 6erman 6lass Instru- 
ment Tiakers held at Jena. 

£adi of the thermometers made under pressure is Rtted at the upper end of the 
capillary with a protector, isolating by a dish and small hook trie lotoer from 
the Upper section, so as to securelu protect the capillary from clogging by ac- 
cidentally disruptured particles of rhe sealing medium. Ihis prorector is re- 
gistered. 

m\ 2. niehls's 6lass Hardness Scale is intended for use in sdiools and 

Colleges, in laboratories and glass warehouses. 6adi case is proDided with füll 
directions. In the order of succession of the glasses no. t is the softest glass 
used commercially, this is foUowed by glasses of gradually increasing degrees 
of hardness, and the last number represents the hardest or the glasses in use. 

3. Breguet's Netallic Ihermometer for cUss demonstrations fitted 
u)ith a suitable scale, as supplied to many sdiools. Registered. 

4. Prof. Eschenhagen's lele-thermometer for determining the tem- 

perature of distant places with the aid of telephones or galoanometers (see 
Zeitschr. f. Instrumentenh. tS94. Ool.t4, p.39S). 

5. Coio lemperature and Boiling Point Thermometers. 



1 1 

I fi| and 
•4-5S0* 



i 
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12. Julius Petfrs, Berlin N.W., 4 ihumstr. 

Naker of Philosophical and If dinical Nfasurmg Instruments. 
(See aUo SecHons Vb and Vd.) 

Berttielot-Nahlf r*S Calorirnfttr, arter Dr. Kroeker*s Utest design, loith apparahts fbr 
«cigliing the loater due \o hiigroscopic adhesion and that resuUing (Vom the combusHon. These calori- 
mctrrs are suppUed compUtt with all accessortes. 

Rfcnts ror Russta: 6ebr. von messen, Berlin, 2 Kindersinstr. 

ot ot ex ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot 



13. C. Ridxtfr, Berlin N.W., 4 iiiurmstr. 

Tlakfr of Philosophical 6lass Instruments. 
Ihermometers ranging from —200^ to +550^. 

A. Standard Thermometers, these Instruments can be determined fundamentaUii and are in 
themselues capable of calibration. the enlargements prouided in the capillary tubes take up that portion 
of the mercuni lohidi has no share in the measurement of the temperature, and the^ may be evactly 
calibrated. 

AoaiUbU for rem- 



no. t. ^od thermometer 

• t. ' 

• J. - 

•4. ' Pernet*s, adapted for variable 

quantities of mercury * . . 

- S. Sealed-in thermometer 

• 1. - 

• T. • - Standard for altitude measure- 

ments « . . . 

• I. • 

• f. - 

• 10. - 



pcrahircs ranging 
from to 

- 5 +102» 

- 5 -4- 55** 
-h 45 -4-102' 

- 40 -hl50* 

- 5 -4-1 02« 
-35-4- 2*» 

4- 15 -4-102' 

-4- 95 +155^ 

-4-145 -4-205' 

+195 -h255« 



B. Thermometers for £aboratory and Industrial Purposes. 

no.U. R set, in whidi the ränge from to 900* C. is distribut- 
cd oner three thermometers, eadi oP lohidi can be call- 
brated independently and determined fundamentallu . • - to -hSOO"" 

- 12. R set, in lohidi the ränge (Vom to 400** C. is distribut- 
ed over Pour thermometers, eadi haoina the freeiing 
point marhed. The capillary tubes are nlled with dry 



aas above the mercury 
- IS. Bec ' 



- 10 -H400** 

- 40 -h250*» 



eckmann*s thermometer for variable quantities of 

mercury 

14. Rod thermometer with freeiing point Rlled with gas 

at a pressure of 20 Rtm. absol -h300 -i-550** 

tS. Kohlrausch's rod thermometer, fUled with petro- 

Icum-aether -1X0 -4- 20** 

16. Couguinine and Chappuis*s rod thermometer, mied 

uiith toluol -100 -4- 50** 

IT. Flahlke's sealed-in thermometer, for correcting the 

eiposed column - 10 -hSOO** 

U. Flahlhe's sealed-in thermometer, for correcting the 

eiposed column •••#•• — to -4-900* 

Nctesicf m4 OpHcs. 



Internal 
0,1* 

o,f 

0,1** 



0,1« 
0,1« 
0,2« 

0,1« 

o,r 

0,1« 
0,1« 



0,5** 

l** 
0,01 

r 
l** 

i 
i 



Jena boro-sUtcate atass. 

eraduahon and lefferlng 

In Indellble colonrs. 



' Jena boro-sltlcale glass. 



Bulb 100 mm long 
- 200 - 

6 
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t4. Siemens & Halske £imited, Berlin. 

(See also SecHons Va. VI and VII.) 



Tig.!. 



Thermo-decMc couple 
with porceUin sheath. 






Dolhneler. 



Junction. 




Ti9.2. 

Pt|romf tf r (Tig. t) for measuring temperahires rrom to t,60(r C, adapted for smelHng, disHllins. 
foundery loork, &c., consisHng of a sensirioe and accurate milUnoUmeter t^ig. 2) and a £c CHa- 
telier platinum-rhodium thermo-electric couple, slandardiied by the Imperial Plii|sial«nd 
redinicat Institute, enclosed in a double sheath of Hecht *s composition. 

rhe noltmeter is of the Deprez-d*Rrsonnal type and has a mooable suspended coil and atwlt 
Scale indicatino from to 0.0 IS nolt, and a temperature scale, eadi dioision of tohidi reads t(f & 
Ou)ing to its high internal resistance, whidi largelu consists of manganine, the instrument may besctup 
at a considerable distance from the fumace without the necessity of mahing allowances for Hie rcsistance 
of the conducting wires or the temperature of the ooltmeter. 



15. Eudiüig lesdorpf, Stuttgart, nrorststr. 

Wakcr of Scienlific Instrumenls of Precision. 
Specialihi: Rstronomical and Suron|ing Instruments. 

(See also Sections lila and III b.) 

Magnet IheodoUte, after Prof. eschenhagen, of Potsdam, constructed to meet the require- 
ments of aplorers. the horizontal limb has an opening of 13 cm, it can be rotated, and is dtoidcd 
on siloer in Vi^ ^^e dioisions being read within 12" by reading microscopes. 
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sensitiof magnftic decUnaHon needle consisHna of four supnrposed flat stfel laminar is 
Dith a small mirror a\ the end ncarest the objecrioe. 
ns of an original deuice thf maanet-needle can be Rred, reversed and replaced on its ptuot 

metal casing surrounding it lotrhout opening the glass couer and loithout toudiing i\ loilh 

rizonlal incUnable telescope seroes both for oietoing objects in the Reld and for obseruing 
ting the reflecled inuge of Ihr glass q^epiece micrometer lohidi appears as onrHcal lines in 

affadifd to the horiiontallii oscillating needle. the angular difTerences resulHng rrom eadi 
miaHons are read off the horizontal circle. 

etadiing the compass, the understructure of the Instrument seroes as a basis for seueral 
, sudi as the dipping needle, the oscillation bof loith its Suspension tube for ascertaining 
ity of the tubulär deuiating magnets, a theodolite body (Standard and altitude circle, Itc.). 
ment case contains all the accessories and auiiliani tools reouired for the use of the instru- 

thermometers, magnets for re-magnetiiing the dipping needle, 9(C. 



fcmemememcmemcmcmcmcmcmememememememememememememcm 

16. O.Iöpffr, Potsdam. 

Maker of Philosophical Instruments. 
Establishfd t8T3. 

(See also Section II.) 

[schenhagen's Portable Registering Rpparatus for Magnetic Obseruations 
of a registering apparatus, a Untern and a series of uariometers set up at uarious 

s reflected by the mirrors of the uariomcters are concentrated b^ lenses into flne luminous 
l proiected upon gelatino-bromide paper, surrounding the cylinder of the registering apparatus. 
der rums once in 3 or 24 hours, and the time is registered euery 5 minutes or eueni hour 

|. 

gnetometer, as constructed according to the aperience gained from obseroations made at 
letic Obseruatory of Potsdam, possesses the follotoina adoantages: R double mirror 
) the maonet serues to erpand the limits of registration; the mirror is readilv adjustable; 
t casing (s easily accessible; the action of the copper damper is adjustable; eadi part, uiz. 
\ case, suspension-tube, torsion-head, can be tumed separatelv; the Suspension can be clamped 
ninimise the rish of rupturing the suspending thread. 

r to obtain an intensity uariometer, the biRlar Suspension is replaced by a Single thread, 
rt being placed at right anales to the maonetic meridian by tumlng the upper Suspension, 
ly selecting the thidiness of the thread, the degree of sensitiueness can be rendered more 
mes greater than that of the usual Instruments. A small reuoloing magnet attadied to a 
s for determinino the degree of sensitiueness. The latter can be oariea by means of an 
maonet placed beloui the magnetometer (see Sitzungsberidite der Deutsdien Physikalisdien ße- 
in Serlin, tS99, no. 9). 

gnetometer can be eauipped with a scale-telescope of special construction, so as to render it 
or ocular demonstrations. 

to the smallness of the magnets, the decUnation and intensity maanetometers (a oerttcal 
is under consideration) can be set up within a small space. Ihts mode of setting the 
\ up is particularly adapted for the method of simultaneous Observation proposed by Prof, 
agen and adopted ät the international congresses held at Paris tS96 and Bristol tS9S, as 
)r longer or shorter series of registrations of oariations, sudi as are rendered desirable for 
;es of magnetic surueys. 

istrument is the property of the Royal Flagnetic Obseroatory of Potsdam. 

8* 
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IT. Wilhelm Uebe, Ztrbsl (Rnhalt). 

manufacturer of Qinical and Chemical Ihermometers. 
Eirporter of Ihermometers of all kinds and ßlass Tlursing Implemmts. 

Hightst Rioards at llnioersal erhibitions. 2 Diplomas and 2 Medais at Hie Chicago 10ortd*s 

erhibiHon tS99. 



\ 
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t. tlebe's Minute Qinical Mairimum Ihermometer loUh aluminium or mica scaie, onicnotse 

madf fuHrdv of Jma normal 61ass. Reo. in 6erm. D.R 6.1^1. nos. 25,406, 91,6X9, S4,2S9, 19,909. Item, 
19 cm and to cm long. These new Flinure Marimum Thermometers possess the roUowing adoantagcs:-' 

a) The thermomeler is without metal mounHngs, ni<Hel or brass capsules, i\ being a weil kiumm 
fad that these ofTer no permanent protecHon; on Ihe contrary, being apl lo worh loose durta 
use or transport, especiallu when eirported ooer sea, Ihe rish oP breakage is therebi| increasn. 

b) The Scale being under glass is not apl lo be injured and become indisHncl, as is Hie case 
with etdied thermomelers. 

c) The thermometer, being hermeHcally sealed, can readilv and completely be steriliied by m$ 
anliseptic fluid, and no difflculhi can possibly arise (Vom impurini or Ihe penelraHon of Hie 
antisepHc fluid. They are supplted in a new form of antisepHc lealher case. 

HU liebe Ihermometers are supplied wilh cerHRcates by Ihe Imperial Physical and Tedinical fa- 
oNhile, or bu Ihe manufachirer. Tne lesls are hoofold and accuralelu conform to the requirements 
sf that InsHtute. 

2. Cingual Minute thermometers. Reg. inöerm. D.R6.w.no.5,5T6. 




3. Minute Maximum Ihermometers, graduated on the stem, S, to and 12 cm long. 




4. neu) Minute Mairimum Ihermometer, with blue enamel coaHng. Reg. in eerm. D.R6.A 
no. 56,496, oery easy toread, thecontrast between the enamel andmercury beingorrt) 
marhed. 






Scction IV. 



$5 



5. Chemical Ihfrmomftfrs toith blue tnamel markings. Reg. in 6enn. D. R. 6.R Tlr. 56,496. 
Chese Thermometers possess the noDel feahire (hat the stem is coated loith blue enamel, toherebv the 
mercurv column shoios most distincMy by contrast and the process of reading is 
greally facilitated 




t$. £. R. Zsdiau, Hamburg. 



neumauer'S TlagneHc IrauelUng IhfOdolite. this inshument is adapted for rapidly and 
iccurately determining out-doors the magneHc declination and horiiontal component of the terrestrial 
maanetic force. the relescope and maonetic casing are mounted in a similar manner to £amont's 
insrntmcnt the magnets are flHed loirti mirrors for adjushnent and sioing on points. Suspension by 
cocooti silk fibres has been aooided acept in the apparahts designed for measurement bu oscillaHon. 
Mer remooing the magnet casina the oscillation boi can be mounred upon a theodolite. Ine aiimuthal 
circle has a radius of SO mm and is dtoided into Vi** reading by microscopes to \7\ the declination 
mamiet is reversible and two magnets are compounded into one. the magnets are 10 cm long and 
their centres are 2.5 cm apart. Collimatton of ttie circle is accomplished either bu direct sighting when 
the sun is Uno or by reflection when it is hioh. the horiiontal intensitu is derermined by deuiations 
at two distances in combination with the osclllatory method. the deuiarion rails can be unscrewed 
on either side when not reouired. the deuiating magnets are tocm long and can be placed into rioid 
sliding bearings on eadi side of the rail Uhile determining the deuiations the magnets are protected 
by aluminium casings Rtted with thermometers for ascertaining the temperature of the magnets, and 
a smaller magnet is suspended within the casing; this maonet is 50 mm lono and non-reuersible. the 
deuiations are produced In the usual manner and, after setting up the oscillation bof, the oscillatory 
method is Ukeuiise followed in the customary manner. the trauelling case is appropriately fltted and 
contains all necessary tools for re-sharpening blunted pins and for othenoise keeping the Instrument 
in Qood Order. 

the apparatus is mounted on a simple trauelling stand, and a leather case is supplied for use as a 
knapsadt 

this Instrument is the property of the Imperial Flarine Obseruatory at Kamburg. 




$6 



SecHon Va. 



V. OpHcal Instruments- 



a. Photometrical AppUances« 



t. S. Elster, Berlin N.0.43, er/e« neue Kömgstr. 

Manufacturer of 6as Rppliances. 

t. Bunsen Photometrr. Ihls photometer seroes for measuring horiiontal rays and doionioard 
radiatfd light and consists of a stand 3.6 m long, the upper rails of lohidi are provided toith scales 

Sf, St and Sf. The photometer-head F is made to 
rotate so as to measure light at ctrtain angles. the 
inclinaKon of the rays louh respect \o the horiion 
is shoion by the pointers Ht and H^ on a scaleG, 
and the sUde A is placed upon the corresponding 
point of Scale Sj. In addttion, the distance of the 
Standard flame E from the diaphragm C is variable, 
so as to admit of most accurate measurement loilh 
the aid of scale S4. 

2. Comparison Body, the usual paper dU- 
phraom is suitably replaced by the comparison body 
suppTied loith this photometer for the purposeof 
measuring sources of light the colour Hnt of tohidi 
resemble that of the Standard flame. the com- 
parison body consists of tioo parallel pieces of 
alabaster-glass separated by a reflecting plate of 
silner. It is atremely sensitive loith respect \o 
differences of colour and therefore particularlü 
adapted for adjusting flames for a certain degrte 
of combustion. 
Descriptine price-lists may be had on application. 




2. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

T Rdolphsbrücke. 
established 1796. 

OpHcal InsHtule: Spectrum Rpparatus, Prisms, Pholomelcrs, ProjecHon Hpparalus, 

Sciopticons, Cantern SUdes. 
(See also Sections Vb, Vd and Vlll.) 

t. Photometer Bendl, 3 m long, with Cummer andBrodhun*s photometer-head, Rtted u)itti 
telescope in a line with the aris (3oum. f. 6asbel. tS94. p. 6t). Tig. t. 
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i. Hefner's £amp lOith KrÜSS*S OpHcal Flamrgauge including Controlling gauge and 
trimmer. CcrHRcated by Ihe Imperial Physical and tedinical InsHhite. Tig. 3. 





Tig. 5. 



Tig. 4. 



3. Photometer Stand for incandescent lamps. Tig. y 

4. Krüss's Optical Flame-gauge. Tig. 4. 



$$ 
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. Ueber's Photometer for determintng the UghHng power of luminants and the brighhiess 
se light, ntted loith £ummer and Brodhun*s prisms. Tig. 5. 

pectrum-photometer loUh Cummer and Brodhun*s Compound prism (oion conshrucHon) 
10 symmftrical s\i\s (Zeitsdir. f. Instrumentenh. ts, p.t2. tS9S). Tig. 6. 

i3t ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ototototototot ototototototototot ot ot ot ot ot ot 

. 7r. Sdxmidt & Haensdi, Berlin 8^ 4 staiisdireiberstr. 

OpKcal Uorks. 
(Sfe also SecHons Vb, Vd and VIII.) 

I. Spectrum Photometer. 

its:— 

rlhur KöniQ's Spectrum Pholometer. nno modei, loUh uicscopc adaptfd formicro- 

otation about a homonral aris. Ttg.t. Ihis photometer is absolutely trtt front rffltctions, and 




^i- 



Tig.t. 

Arthur K9iit0*s Spectrum Pholometer. Titw modeU 



separating the comparison ftelds disappears completelv lohcn Iht intensities are e(|ual in both, 
uterially afTects the rapidity and preclston of the adjushnent The measuring deoice takes the 
a Tlicol prism. 

ummer and Brodhun's Spectrum Photometer ntted loith tioo coiumators piacedat 

igles to eadi other and Cummer and Brodhun*s photometer cube. 



90 
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3. Bracr's SpfCtrum Photomrttr. Bracf*s nint prism consists ofhooccmaitcdprisinsiBi 
sfruf s for dispersion as tot U as for thf cotnparison of \he pencils of Ught emerging firom the colUmtm 

In nos. 2 and 3 the Höht entering one of the colUmators is moderated to a measurabU otent by 
alterino the toidth or the sUt or hy means of an adjustable sector lohidi is ctther midcti 
rotate tonile the rays pass straight through i\ or remains staHonan^ tohile Hie ra^ rotate (sce Ili.Y). 

IL Stationani Photometers for I3hite Oght. 

These appUances are RHed toith a measuring deoice based upon Hie lato of inoersc Squares. 

4. Photomrttr Benchrs. 

a) Simple paHem. 

b) £arge paHenu^l toith three carriages traoeUino on hoo steel htbes; on one of the hibes 250 n 
are dioided inro miUimetres or in terms of mtensity units by quadraHc progression. 

5. Comparison RppUancrs for photomrttr benchrs. 

a) Simple apparahis fiHed loilh marlens*st) hoin prism. 

b) £ummer and Brodhun*s pholomeler head toith concentric comparison flelds, for meisure- 
menl by th^ method of equal inlensilies. 

c) £ummer and Brodhun s photomeler for measurement by Hiemethods of equal intensito 
and equal contrasts.<) 

d) £ummerandBrodhun*s contrast photometer capable of roUHon through a measurabte 
angle about an aris at right angles lo the optical bendi. 

6. RppUances for photometricaUt| tesHng incandrscent lamps. 

a) Zwo stalionary mirrors including an anale of 120*". 

b) Apparahis consisting of hoo rolaling mirrors. 

HI. Portable Photoineters I 

for Klhite Oght. 

T. Brodhun's Strrct Photo- 

mettr^ med wiHi lummer and 
Brodhun*s phobmeter cube, speci- 
alis adapted for Hie photomehru of 
Street lights, with two lamp casings 
for incandescent lamps or beniine 
candles. the photometer gauoe takes 
the form of a sector of oariable siie; 
its nooel feature consists in that the 
sector is stationaru, while the ratfs 
of light are made ro rotate. 

S. Ceonhardt9ebrr*sPho- 

tomrter fitted with lummer and 
Brodhun*scube, with table showing 
constants. Tig.2. this photometer is 
portable and serues: t. ror measuring 
the luminosity or intensity of lumin- 
ants in terms of Hefner candles; 
2. for measuring in terms of meter- 
candles the degree of illuminaHon or 
the indicated brightness of planes 
illuminated by a luminant of an; 
descripHon; it is equally loell adapted 
for tedinical and hygienic purposes. 

9. Nartens's nno Polari- 
zing Photomrter for white light 

the tu)o pencils of light whidi vt 




Fig. 2. 

Utbtr's Photomtrtr. 



• Scimtinc opHcUn of \ht (Irm. 

> Ihr ipplUncrs tiurkrd > irr indudrd imong thr rrhlbits of the ImperUl Phyt ical «nd trdinUal InsHhiU ißtt umdcr riia( hctdhig] 
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Hl be comiMved wUh eadi other tn\tr the photometer through hoo openings a and b and pass succes- 

^(oet^ Miroiiah an objecHne, a double refracHng Uollaston calc-spar prism, a hoin prism with its 

Wilocs t and 2, an analuiing flicol prism, aRamsdtn eyepiecf and the central aperhtre of a diaphraam. 

Hie evpenmenter sees nelds t and 3 respecHoelv flUed loirh Hohl enlering throuah the slits a and b 

respccteelu. the measurements described under flo. S are made loilh Ihe aid or a small incandescent 

\smp suppiied by a current of conslant strength. 

the enrire photometer can be htmed loithin a measurable angle round its longihtdinal aris, round 
mother aris, noriiontal and at right anales \o i\, and round a oerHcal aris. 

the most important apoUcaHon of th(s photometer is probablu the evaminaHon of the intensihi of 
completelv or partly polamed parallel light, sudi as is emitted by the sky. 




4. Siemens & Halske £imited, 
Berlin. 

(See also Sections IV, VI and VII.) 



Hefner Standard Camp for Photometrie 
measurements, standardized by the Imperial 
Physical and tedinical Institute, combined with 
Hefner's and Krüss^s flame-scale, with gauge 
for the latter and the widi-tube. 



b. Spectroscopes and Optical Measuring Instruments. 



t. R. Tuess, late J. 6. 6reiner jr. & ßeissler, 

Steglitz near Berlin, T/S üüntherstr. 

Nrdianical and Optical l;9orks. 

(See also Sections lila, IV, Vd and Vg.) 

t. ntlO Sprctromfttr (see Tig. l) fitted u)ithRubens*s telescopes and mirrors. (See dupter on 
Speclrometers, C. £eiss, Die optischen Instrumente, &c. p. t). 

2. O.Schumann*S Quartz-spectrograph, intermediate model. the objectioe lens has afocus 
of 400 mm for the sodium Une. the camera obiectioe and slit are adjustable by a radi and pinion 
mooemenh The draio-tubes are graduated in milUmetres. Diaphragms fit in front of the objectioes 
and Hieir apertures can be read off in milUmetres. The slit is formed by hard steel dieeks and can 
be adjusted bu a micrometer-screui within Viooo mm. In front of the slit there is a detadiable wheel* 
diaphragm with Square apertures for coincident photographs. the wheel-diaphragm has also an opening 
coincident with the füll aperture of the slit and anomer opening containing a nlm of uranium glass. 
the dark sUde is adapted for 4.5xt2 cm plates. One half of the focussing screen is ground glass, the 
oHier uranium glass, so as to focus at the same time the red and oiolet parts of the spectrum. the 
dark slide is fitted mith a screui and dioided drum for taking a successioe series of photographs one 
abooe the other, the mean position being shown by a pointer. the frame for the dark-slide tums 
about a oertical at is, a dintded circle indicating the amount of the rotation. the ayis of rotation pro- 
dttced coincides with the coating of the Photographie plate. Uithout this means of slanting the photo- 
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graphic plak, i\ toould be impossible \o photooraph toith unirorm sharpness an ertended raUm of the 
spechiim. the body of the camera can bf pUcfd at any desirtd angle \o Hie sUt coUinuror, and fls 

postHon reads ofT to 9' by a grad- 
uated circle. Ihe prtsm swk is 
pronided loith a dinided äroi, il 
roMes independenttii and ca« bc 
connected h^ a dark dumber tottli 
the objecHnes so as to erctude lU 
light; conseouentlii the lohole of 
the spectro-pnotographic voorli cn 
be carried out in a Ughted room. 

(See dupter on Spectrographic 
ippUances,C£eiss, ibid., pJ3, 
and plates I and II.) 

3. £.R.l;9filfing'sSpectrum 
Rpparatus, adapted for illumiiu- 
tion by Ught of nary ing loaoe-lenglhs. 
this apparatus can be used in con- 
Junction toith any optical inshument, 
sudi as spectrometers, ooniometers, 
polariiers, appliances ror measur- 
mg circularjNuariiation andmicro- 
scopes. (CLeiss, ibid., p.2S.) 

4. U. Schumann's Uni- 
versal Sparking Rpparatus, 

fitted toith deoices to cause the sparh to pass either along or at right angles to the slit and adapted for 
the use of transoerse and longitudinal disdurging tubes (C. £eiss, ibid., p. 93]. 

5. U. Schumann'S Sparking RpparahtS. the sparh traoerses the sUt at right angUs 
(C.£eiss, ibid., p.92). 

6. Direct oision Fluid Prism. 

7. nno Cruslal Rrfractomeltr, model ll. this instrument has been designed toith the pritnan) 
obiect of rendertng it aoailable for the eiamination of small and defectioe surfaces of cn^stals aiul 
mineral particles contained in microscopical preparations. the instrument is equipped with a patenid 
light-ercluding casing, whidi admits of its ttse in a lighted room. Bu this means, the refractometric 
inoestigation, especiallu if it relate to petrography, can be carried out in altemation loith the micro- 
scopic eyamination. the light-eicluding casina being readily detaduble, obseroations may be made 
toitn the additional aid of a unioersal mirror, both after the method of araiing incidence and that of 
reflection. In addition, this neu) deoice forms a permanent protection of the hemisphere from evtenul 
injuries. 

the oertical circle is dioided into Vt"" ^nd reads r by a oemier. the horiiontal circle is dioided 
into Single degrees. the former is adjttstable by a micrometer-screto toith a dioided drum for measur- 
ing dispersion and small degrees of double refraction. One interoal reads 10'. (C. £eiss, ibid. 
pp. 45 and 363.]-^tables for determining the refractioe indices from the readings of the dioided circlei 
will be found in C. £eiss, ibid., pp. 363-36T. 

S. RefraclOSCOpe for demonstrating the curoes of intersecting indey surfaces an( 
those of intersecting surfaces of rays. the phenomena demonstrated by this apparatus witt 
the aid of an incandescent gas lamp are so intense as to be oisible to a large audience in a moderateli 
darh room (C.£eiss, ibid., p.49, rigs. 31-33 and p. 345, Tigs. 310 and 311). 

9. Tlrw Fluid Rrfractomeltr, with ir.Eyhman's heating apparatus (C.£eiss, ibid., p.3T0] 
tables for determining the refractioe indices from the readings of the dioided circles toill be foum 
in C.£eiss, ibid., p.3S2. 

10. Polarizing Rpparalus for parallel and conoerging Ught. 

tt. Polarizing Prisms of oarious forms. 

12. Polarizing PriStn, consistingofglassandcalc-sparcombined. RegisteredinOermany (C£eiss 
ibid., p. 154). 
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13. Potari2ing Prism after Jamin, loith calcitf film and a highly refracHng fiuid. Registertd 
in eermany. 

14. R.ra.Nauer'S Qodl-driOfn HeliOStat (Set diapter on Heliostats, C.£fiss, ibid., 
p.m.) 

15. Rrading lelescopr. 



2. Bernhard Halle, Steglitz near Berlin. 

OpHcal l;9orks. 
Sprcialihi: OpHcal Prq)araHons for the PolarizaKon of £ight 

A. Preparations of Iceland Double Spar. 

1. R niCOl toith oblique facfs, rhomboid. 

2. - - - Square secHon. 

3. ' - ' orthogonal - (Hartnack-Praimowsky). 

4. - • - (6lan-thompson). 

5. - - aflcr Foucault 

6. - - - eian. 
I. ' Sphere. 

t. - Double RefracHng Prism. 

9. Rn Original Nelhod of preparing Ricol prisms with perpendicuiar racts. mts method 
is adapted for manufachirf in large numbers and has btsidts ootr thf older process thf adnantage of 
freater accuracy, both as rtgards rhe quality of the surface and the nrachifss of Wvt angles, so as to 
caHrelv obulate a displacement and distorHon of the imagt . 

the erhtbitor has also constructed a saioing madiine for cutHng thf Iceland spar. Iht form of this 
madiine is shown in a photograph. 

B. Preparations of Pebble. 

10. R Prism haning its refracHng edge at right angles to the aris. 
lt. - Cornu Double Prism. 

12. - Babinet Compensator consisHng of hoo wedges. 

13. - So l eil Compensator (hoo wedges and a compensaHng plale). 

14. - l;9edge, parallel to the aris, I. to 111. order. 

15. ' Bertrand Quadruple Quarte-plate. 

C. Preparations of Glass. 

16. R Rectangular Prism. 
IT. - Rutherford Prism. 
tS. - PlanO'parallel Plate. 
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3. 6ustaü Halle, Rufdorf near Berlin, 53 Hcrmannstr. 

maker of Scientific and Technical Instruments of Predsion. 

(See also SecHons Vc, Vg and X.) 

1. £arge Universal Heliostat adiustable for any polar altitude, with an ercepHonaii^ 

strono understructure and a reffecHng mirror haoing a surface of TOOqcm, and adjustable in 
height iy means of radi and pinion. Ihe hour circle has a diameter of 130 mm, it is dioided at tntenMts 
of 3 minutes, and half-minufes can toithout difflculhj be esHmated toith Hie aid of a magnifier adjustablr 
for indioidual sights (supplied toith the inshrumenrl. Ihe leneUing screios of the stand are protcdrd 
hy dust-sleeoes. Ihe clodi-ioork is carefuUi| regulared and RHed toiHi q|linder acHon. 

2. Small Universal (College) Heliostat adiustable for ani) polar altitude. its mirm 
has a surface of 225 qcm, i\ is adjustable for heiant. Hie hour circle has a dlameter of so mm. the 
leoelling screuis in (he tripod are protected b\| dusr-sleeoes. Ihe clodi is of Hie cylinder type. 

ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot ot otot 

4. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

7 Adolptisbrüdie. 
Established 1796. 

Optical Institute: Spectrum Rpparatus, Prisms, Photometers, Projection Rpparatus, 

Sciopticons, Cantem Slides. 

(See^also SecHons Va, Vd and VIU.) 




Fig.l. 



t. Unioersal Spectrum Rpparatus, original construcHon, for spechrum pholometry, qualitatiüc 
and quanHtaHoe analysis, fiHed with symmetrical sUts. Fig.l. 

2. Spectrum Rpparatus wxWx six automaUcally adjustable prisms, of original conshiicHon. Dis- 
persion ^2^ (Zeitsdlr. f. Inshrumentenk., 10. p.9T. tS90.) Fig. 2. 
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Tig. J. 

(. Krüss's Repeating Spechromrtrr w»h miaomt\a microscopes. rig-s. 
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Tig. 4. 

4. U. 0. £ang's Spectromettr. Circlt iTOmm in diameter, reading 30' bv magnintrs. Ti(|.4. 

5. Browning 's Spectroscope. 

6. H. W. Uogers Sprctroscope. 

atatatatatatatataaaaaaaaaaaaaaataaataatataek€k€k€k€kek€kaaet^ 

5. Julius Peters, Berlin N.W., 4 ihurmstr. 

naher of PhUosophical and Irchnical Measuring Inshiiments. 
(Set also SecHon IV.) 

t. Polariiing Rpparatus loith dioided circlcs jror homo^ 
leous Ught) for sclenHfic and ooieral j 
lieh, taurtnt, £ippich and Landoi 




9enfous light) for sctenHfic and gaieral ourposes, after Ftitscher 



2. Polari2ing Rpparatus toith compensating quarb 
toedges (for lohite light) speciallv designed for Hie purposes of 
sugar-rt finers, agriculhtral laboratories and customs inspectors after 
Solfil-Uentikf, Htriffld and Stammer; also instruments of 
original dfsign toith narious patented impronnnaits. the latter 
insrruments possess certain opHcal adnantages whidi render tlienu 
as uninersallu adinoiolfdged, eitranelv srnsmoe. Ihe mtan error 
of adjttstmenf is less than dbO.OS^'Uoitike. 

3. Polarizing Rccessories. 
Xizw AppUances. 

Polarizing RpparahlS with naonifyina Scale from o to 25 degrees for determtning tlie per- 
centage of sugar in beet-root. Reg. in 6enn. D.K.6.M. no.UI,t9$. 

Polarizing Rpparatus haoing its quartz wedges mounted without pressure, whidi obniates 

the disadoanfages resultino front the ttsual toau or mounting, tohidi hy unequal pressure or dunges 
of temperature is apt to Tnterfere toith the optieal Image and thus to lead ro errors of obseroaHon. 
6erman patent Ho. 103,199. (These Instruments are deseribed as ''Standard Polariscopes.**) 

General Erport Agent for Enaland and outside 6urope: 6eo. Stade, Berlin fB.P.R.) C.2; för Russia: 
A. Bukowinski & T, Slaski, Kieto, 6ebr. oon messen, Berlin, 2 Hinderstintr. 
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. Tr. Schmidt & Haensdi, Berlin S., 4 staiisdimberstr. 

Optical tOorhs. 
(See also SecHons Va, Vd and VIII.) 

I. Potarizing Apptiances and Sacdiarimeters. 

Qfneral opHcal arrangetnent of these inshruments is shown diagrammaHcallv in Tig.t. 
inragm A' and the illuminaHng lens K supply the necessaru UluminaHon. the flicol prisms 
4, and diaphragmD form parte of the polariier proper; the diaphragm A, the flicol prism 
lier toith the small astronomical telescope OR, tohidi can be adjusted so as to haoe D in rocus, 
e the analyier and measuring apparatus. 





mm « 

3a 



- S 



Tig.t. 

PoUriiing apparatus. 



: polariscopes fitted loith dioided drcles the Hie ol prism Nj is tumed through a determinable 
rresponding to the rotatory poioer of the substance until both haloes of the fleld appear 
ted to the same degree. the light used should be monodiromatic. 

t Instruments fitted loith toedge compensators (saccharimeters) the rotatoni 
f the substance is compensated by the rotation, in the opposite sense, of a quarti plate of 
thidiness. White lamplight should be used for the Illumination. 




Tig.2. 

Sacdurimc(cr wUh ti»l(cd measuring raugc 



Ics awl OpHcs. 
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the nrhibits include: 

1. IlluminaHno Rppliances for saccharimr ttrs. a. DUphragm hibe with Screening disk (B inFig.) 
and Tig. 4. D. R. 6. R 1 00,S92) ; b. iUuminaHng apparahts toith small incandescent Höht and scale ilhimüuit' 
ingmirror (VinFig.3. D.R.6.Rt00,S9t); c.troughtoithpotassiumbid!romatesoluKon,adaptabletoa.orb. 

2. Camps for lOhite Uaht a. Small incandescent lamp requiring 6 noits and 0.5 ampä'e, suitablji 
suppUed by three accumulafors ; b. small incandescent gas lamp, Tig.4; c. petroleum lamp, Tig.! 

3. Penumbra Polarizers. a. 3ellet-Cornu*s model, improoed by Schmidt 9t Haensch; 
b. Schönrock^s model; c. £ippich*s model, in hoo parts; d. tippich's model, in three parts. 
6erman patent Ho. S3,523. 

RH these polarizers, a to d, are adaptable for sacdurimeters toith invariable penumbra; c and d 
are also aoailable for sacdurimeters loith penumbra loith measurable movement. 

H 




Sicdiirimtter with slmplt wrdgc compmsitor. 

4. Saccharimeter laith limUed measuring ränge. (Fig. 3.) ihe quartz wedge compensaNon 
(devised by Nartens,|l and protected by patent appUcation] consists merely of a left-handed and righN 
handed quartz wedge, the thidi ends of whidi are turned towards the same side and the deflection of 
whidi is compensated bu a glass wedge. Nartens*s wedges are cemented at the thidi ends only soas 
to oboiate straining. (Patent applied for.) 

the lamp, illuminating apparatus and polarizer are selected to suit eiisting requirements. TiQ.2 
Shows a sacdiarimeter with petroleum lamp, diaphragm tube B, Jellet-Cornu*s polarizer F. the 
analyzing and measuring apparatus embraces an internal of about 40'' on Uentzke's scale. 

a. Rpparatus for the eyamination of urine, fitted with an Observation tube 200mm long 
and scale readino the proportion of grape sugar contained in the urine direct in grammes per 100 ccm; 

b. Stammer s Saccharimeter for the ezamination of beet-root, reading from OtoSS'^on 
Uentzke's scale, and haoino a mazimum tube-length of 220mm. 

c. Saccharimeter, simi(ar to b with a mazimum tube-length of 400mm. 

d. Saccharimeter for Solutions of high percentages. ihis apparatus is adapted for eramin- 
ing a Solution of the entire Standard weight in a tube 400 mm long and fumlshes direct readings of 
the percentage of cane sugar. the measurement eztends from SO to 100 per cent. 

> Scientinc opHcUn of the Rrm. 
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thcse sacduritnetcrs can also be suppUed wilh a limited ratige and fitted uiith a Tlatow maanify- 
1m Scale (D.R.6.R no.9S,$$0). the dtsplacemenl of (he wedge Is in this case efTected bu (he roration 
«a large circle tohidi is dioided inlo and reads direct lo % per cent. Ihe uiedge-slide is MUd loitti 
« Scale whidi serues Tor Controlling Hie readings of Hie dioided circle. 

5. Hand Saccharimettr, adapted for the eyamination of normal Solutions in a tOO mm tube, reading 
ürect percentages, the ränge of the scale being from to too per cent, and fitted toith magnifying scale. 

6. Sacdiarimeter toith Simple Wtdqt Compensator, reading from o to too» on Dentike^s 
Scale, the component parts of the analyiing apparatus are enclosed in a dust-proof casino G (Fig. 5) 
and can easily be remoned after detadiing the outer ring, the Instrument is Rtted mith fiartens*s 
ipedge compensator, and the medge-slide is mooed by the miUed head T. the scale and oemier are 
read by a simple maonifier L, and the two sections of the penumbra are oieuied by the ashronomical 
telescope F. In the ngure the Instrument is shoum together with its illuminating apparatus V (see 
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IT 



•■■»■■■niiib-n.-. 



Tig.4. 
Sacdurimctcr «Ith doubU «cdgf compcnsator. 

tlos. t b and 3 al, whidi contains a small incandescent lamp supplied wWh current by the accumulator A 
through a key S. the polariier takes generativ the form of £ippich*s Instrument (N| and Nt, Tig.t). 
these Instruments are made with tubes of oarious lengths, the greatest lengths being respectioely 
a. 200 mm, b. 400 mm, c 600 mm. b and c are more appropriately mounted on Standards, as shoum 
in Tig.4, than on a column and tripod. 

T. Sacdiarimeter loitii Martens's Double tOedge Compensation. Both scaies are read 
by a microscope M, as shoum in Tig.4 (D.R.6.R Tlo. 131,333). the workino wedge (haoino a ränge 
from to+tOO» on Dentike*s scale) is displaced by a milled head A, the other milled head actuates 
the Controlling wedge (haoing a ränge from to — tOO» on Dentike's scale). Double wedge compensa- 
tion has the foUoming adnantages ooer Single wedge compensation: t. 1t is anailable for the polariia- 
tion of fluids haoing a considerable laeoo-rotatoni power. 3. the displacement of the Controlling 
wedoe is a readier means of correcting the lero point of the morking wedge than is afforded bu the 
displacement of the oemier. 3. Rny ooseroer can, mithout possessing a set of Standard quarti plates, 
nenfy the proper graduation of the scale and the optical purihi of the morking medge. 
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Ihese sacdiaritnetfrs are, as a rule, ütttd loUh £ippich*s Hiree-part poUriicr. the insfarumeiits ire 
made toith mafitnutn htbf-lmgths of a. 300 mm, b. 400 mm, c. 600 mm. Inshruments b and c irr 
appropriatelv moxinUd upon double sUndards, as shoum in Tig. 4. 

S. Standard Quartz Plates, mountt d in accordance with Hie requirnnaits of the Imperial Pl^^ 
cal and tedinical InsHhtte and adapted Tor rotatory nalues of —30, -i-dO, +39, -»40, +00, -i-IO, -^H, 
-h95, +tOO, -htoo, -h300* on Uentike*s scale. In all sacdurimeters made by Schmidt & Haensch i 
Standard ouarti blate gines a reading of 100^ on Dentike*s scale, if at 20*C. it rotates the plnf 
or polariiahon or spectroscopically pure sodium light through 34.61 drcular degrees. Cadi plate stippltd 
by this rirm is carefuUv tested wirb respect to t. the absence of flaws in the quarti, 2. flatness and 
parallelism of the surfaces, 3. coincidence of the optic and geomehrical atis. Ihe auality and rotaton 
power fin degrees), and also the thidiness, of the plates may also be nerified by tne Imperial Physical 
and tedinical Instihite. 

9. ObSfruation lubes are made in lengths of 25, 50, 94.T, 100, tS9.4, 200, 220, 400, 600 na 
the end alasses are made either of plate glass or of finely annealed croton-glass, and either sanod 
into the tubes or pressed against them by £andolt*s slidino sleene. the fubes are made either of 
brass or glass. the following forms may be specialis mentionedi-^a. Uicke's tube loith unilateril 
eipansion for the ertraction of air-bubbles. 6erman patent no.t04,S4$; b. Pellet *s tube Tor an unintcr- 
rupted flow; c. tubes with water circulation and thermometer for the evamination of Solutions of inoertrd 
sugar; d. Controlling tube with variable and measurable length of the Stratum under evamination. 

10. mitschrrlich's Polarizing RpparahlS, together with a sodium Ump wlth lOinters 
piatinum ring and hoo obersemation tubes 94.T and lS9.4mm long respectioelu and bellet- Cornu's 
polariier. the rotation of the analyiing nicol reads to O.r by a drcle dioided into 3$0^ this apparatus 
is primarily designed for the eraminations of urine and is adjusted so as to gioe with a tube tS9.4nn 
long direct readings of the proportion of grape sugar (in grammes per lOOccm of the fluid). 

11. Polaruing RpparahlS of an original design, with £ippich*s threepart polariier with d- 
justable penumbra angle, thediuided ctrcle reads to r or 0.0 r. the apparatus is adapted for hilxs, 
a. 200 mm, b. 400 mm, c. 600 mm long, a is mounted on a tripod and pillar, b generalli| and c er- 
clusioelii upon double Standards. 




Tig. 5. 

Cindo U's poUrUing ippiraruf. 

12. £andoU*S Polarizing RpparahlS, rig.5, adapted for a great oariehi of inoesHgations, 
sudi as the influence of temperature of the specific rotation, electromagnetic rotation, kc 
the rotation of the analyiing flicol prism reads to 0.0 1^ 
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le Polarizing Rpparatus on double Standards, the poUriier and aiuii|ier are 

a largt iron omdi supported upon hoo Standards. Ihe Space behoeen the latter is entirely 
lilable for setting up toire coils, &c. 

pich*S UniOtrsal Polarizing Rpparatus. SimiUr to no.t5, but the Standards carry- 
rizer are mooable on a sole-plare and can be clamped in any position. 

IL Spectrum Appliances. 

matte Spectroscopes made by thls firm are compüed in the subjoined table. 

table of Prismatic Spectroscopes. 



ription 


flo. 


Tig. 


Tlature of 

measuring 

deoice 


RMlUbU 

dUmetrr 

or (he 

objectioc') 

mm 


DUperfion 
C-F 

(010 (0 

400 fifi} 


Rcfololng 
power 


SmiUeft 
sepirable 
dUtince 
behoeen 
(100 conse- 
CttHoe linef 
d\ in fifi 


lectroscopes 
\ telescope) 


I5a 
t5b 

15C 


6 

T 


Scale 


6 


5*30' 


550 


1.03 


r 

n 


Tlint prism 


I6a 
I6b 

16C 


S 


Waoe-length 
Scale 


15 


r5$' 


3,000 


0.19 


s 


Rutherford 
prism 


I6d 

I6e 


s 


15 


3*36' 


5,300 


O.U 


r 


Tlint prism 


IIa 


- 


Scale and 

micrometer 

screu) 


34 


\^W 


4,S00<) 


0.13*) 


n 


Rutherford 
prism 


Hb 


- 


34 


3*36' 


S,400<) 


0.061*) 


nn's direct 
pectroscope 


IS 


- 


Micrometer 
screu), or micro- 
meter and Scale 


15 


yw 


S,500 


0.066 


e spectrometer 

utnerford 

isms 


19 


- 


Dioided circle 
reading to O.r, 
and micro- 
meter screu) 


30 


$•53' 


3 1,000 <) 


0.03T*) 




3 Ruther- 
fordjjrisms 


30a 


- 


Dioided circle 
reading 

tor 


43 


10« IS' 


44,000*) 


0.013*) 


r 


6 Tlint-glass 
prisms 


20b 


9 


43 


irsB' 


50,000*) 


O.Otl*) 




Tig. 6. 

Simple podiei speciroscope. 

length ot (he objtcdots ire equit (o (en (imes (heir iper(ttre. 

separair (he D-line (he res oloing power shoutd be i( ieisi = 1,000. 

ng power is doubled bv doubling (he passtge of (he li9h( (hrough (hc prism by Rbbc*f me(hod of •tt(ocottimt(ion. 
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15. the Podict SpfCtroSCOpes (no.tsa, b, c in the preccdtng toble) consisl mcrdii of a slit, 
apUna^ic lots and direct nision prism, and are not fitted toith a telescopc. the shnplest of Hiese (Tlo. tSa) 
is shown in Tig. 6; Tlo.tSb is fltted toith a comparison prism and illuminaHng mirror, no.t$c has a 
Scale comparison prism and UiuminaHng mirror. Tig. T shows the same mounted on a uninersal shmd. J 

16. to 20. the Sprctroscopes of the Kirchhoff aad 
Bunsen pattem are made in hoo siies. Of the smaller 
Instruments Tlo.tea is fitted mith a fired, Tlo.teb wfffi 
a mooable telescope. no.t$c as shoion in Tia.S, has a 
teiescope fitted mith a radi and pinion T, a fired protech'na 
cap C a mane-lenath scale S and iliuminatina mirror B. 
In the iarger instruments (nos.tTaandb) rhe telescope 
can be tumed about a long afis either by band or by a 
micrometer. 





Tig. T. 

Pocket spcctroscopc «Ith scaUand ual« 
ocrtal stand. 



Tig. S. 
KIrchhorrand Bunfca's spcctroscopc. 



the Sprctroscoprs of nrcepHonalli) high resolmna poiaer cnos.tsandsoaandb) aremo- 
difications of the spectrometers flos. 3tb and 3t c fitted loith specialis arranged prism stages. 

21. TleU) Precision Spectrometers, toith fiyed graduated circle; rotating telescope fitted loitti 
oemiers or microscopes, stage for raising and loioering and made to rcDoloe by means of 6 prongs« 
either loith or toithout sca(e. the upper plate of the stage can be adjusted and the slits and eve- 
pieces interdunged at pleasure. 

a) Small model, loith dioided circle reading to V by a microscope haning its eyepieces situated 
immediately beloto the telescope eyepiece. 

b) Intermediate model. 

c) £arge model, Tig. 9. In both modeis (b and c) the readings are taken, mithin O.t'andT 
respectioelu, by reading microscopes MM haoing their eyepieces beloto the telescope. 

the telescope carrfer x is supported bu a roller r running upon a circular rail attadied to the tripod, 
so as to prooide for the adaptation, in the place of the tefescopes, of measuring appliances, irrespectioe 
of their toeight, e. g. Photographie cameras, Rubens*s concaoe mirror-arm, colUmator toith luminant, &c., 
toithout risk of injuring the Instrument, the telescope F and coUimator K can be tumed about tuo 
ates aa and fired bu means of the clamps at cc. tne instruments are eouipped mith tioo stages of 
t)arious siies. If destred, the spectrometers may be fitted mith automaticalli| nuroing prisms. 

22. H€W Unioersal Spectrometer:-^ Small, b. intermediate, c. large model. these 
instruments differ from the precision spectrometers of the same siie onlu in that their central aris 
rotates together with the diolded circle and stage, the rotation being effected by a pronged wheel 
situated beloto the Instrument. 
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Ti9.9. 
Cargc spcctromctcr «Ith «tttotiuHaily rnoning AInt prUms. 



Rny of \he eyepifces and sUts tnadf by thls firm fit into the drato-htbcs of alUheir klescopes. 

23. Eijepiecfs:-' 

a) Simple HuvQhenian f^epiecfs HUfd toith cross-Unes haoing a focus of 40mm. 
Simple Ramsdfn eyepiecfs haoing foci ofdS, t9, tt and Tmm. Steinheil eyepieces haning 
foci of 20, 9 and I mm. 

b) 6auss*s and Rbbe-£amont*s eyepieces toith illuminated cross-lines. 

c) 6lass or screio-micrometer eyepieces. 

d) Eyepieces for special purposes fitted toith tOellmann*s luminous line, 6lan*s ad- 
Justable slit or loitn spectroscope, Soret*s fiuorescent pUte, improoed by Martens. 

24. £ummer and Kurlbaum's Cinear and Surfact Bolometer. 

25. Rubrns's Clnear rhermo-clfchic Pilr. 

26. SUts:-^a. Eyepiece sUt loith attaduble magnifier; b. simple slit, rig.S, toith dioided drum« 
comparison prism and illuminating mirror for the latter; c. Wadstoorth^s bilateral slit toith differ- 
ential screw; d. bilateral double slit; e. Rbbe*s autocoUimation slit. 

27. Prisms:— 'a. Tor teadiing purposes; b. rectangular Tresnel and Porro refiecting prisms; 
c tummer and Brodhun's, Brace*s and twin prisms for Photometrie purposes; d. absorbing 
rrouQhs and bottles; e. SteinheiTs and Hallwachs's difTerential fiuid prism; f. dispersion prisms 
[equllateral fiint prisms, Rutherford prisms, &c.). 



III. IVIeasuring Instruments. 
29. Scalcs:— 

a) Uhite paper scale with electrical appliances. 

b) Martens*s laterally illuminated glass scale. Tig. tO. 

c) Milh-glass scale. 
dl Opal-glass scale. 

e) Lirge demonstration scale for lecture theatres. 
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29. Reading Nirrors:-^ 

a) Piano-parallel tnirrors, 

b) Reflecttng Imses (toi^h plant and siloered conner surface) 

Reading Tclescopfs:-^ 



30 



a) Small model, mounled so as \o rolale aboul a nertical and horiiontal afis \o any desired otcnt. 

b) Urqt model, as shoum in Ti9.l0 logether toilh a lateralis illuminated scale. 




Tig-lO. 

Cirgc reading tctcscopc with Mar Uns 's Utrrallf Utuminitcd talc 

3t. Scale Canttrns:-^ 

a) Uilh incandescenl lamp haoing a U-shaped filamenl adjusled for HO or $5nolls and 0.9 ampärc. 

b) Uith incandescenl lamp adjusled for S ooUs and 6 ampä'es, also toilh lens for Hirouiing an 
Image of (he carbon Rlamenl on Ihe scale for demonstraling Ihe mooemenls of a galoanometcr 
mirror in a large lechtre Hiealre. 

32. tornoe's Refractometer wilh Halltoachs's dirrerenlUl prlsm. n, and n, being respecHody 
the refracHne indices of medium t and soluHon 2 (Fig.U). the unknoion refracHoe Inder is found bv 
Hie foUouiing equaHon 

n}-nf = 8in*a. 

this refractometer has been practicallu employed in tornoe's optical 
Hydrometrie method for the analysis of beer. 

33. Wartfns'sCompfnsaHngRffractomettrioithHaiiioachs's 

difTerential prism. White lamp-light or day-Uaht may be used for the 
Illumination. Ihe angle a ismeasured by rotating two Straubelprisms 
with respect to eadi other. 

34. üon Hclmholtz*s OpMhalmomrter. 

35. Thorncr's TlflO OpMhalmOSCOpe, mounted on an adjust- 
able stand with lamp. Ihis apparatus has ooer other instruments for 
retinal obseroation the adoantage that t. a mudi larger area of the 
retina can be oiewed at one Operation, and 2. the Ught reflected by the 
Cornea is, by an ingenious arrangement, preoented from readiing the Tig.U. 
obseroer's eye. Hiuioickf 's dur^mHii pru«. 
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T. Dr. Steeg & Reuter, Homburg u. d.H. (Bad Homburg). 

OpHcal Institute. Cstablished t855. 

6old Mcdal: Haplcs tSTO. Silvcr Fledal: Floscoto tS73. Progrcss Fledal: Dienna tS79. 

Dtplomas: 6rai tSSO and Trankrort-on-the-Flain tSSt. 6old Medals: Dienna tSS9, Rnhoerp tSS5. 

Diploma and 6old Fledal: Brüssels tSSS. Diploma and 6old Fledal: Chicago tS99. 

(See aUo SecHonVg.] 

t. nSrremberg's PolariSCOpe, for convergent light, toith very Urge Reld, reüolving divided 
^^e and goniometer for measuring rhe angles of aves. 

2. rourmaline Forcepses toith and without lenses. 

3. H Set or t6 differentti) formed diilled glasses. 

4. Preparations of Calc-spar. Polariiing prisms or narious kinds after flicol, ToucauU, 
^jan, Thompson, Hartnack, Rhrens, 6laiebrook, Jellett-Cornu, £ippich. Rmongst these 
{^lU be round a flicol prism haning an aperhire of 40 mm and a ToucauU prism or 55 mm aperture. 
Wöus double rerracting prtsms. Plates ror measurina Instruments. Three large rhombo- 
i^cdrons haning difTerent races. R polished piece or spar with large mooable spirit-lenel. 

5. Quartz Preparattons: £arge prisms and lenses of absolutely pure material, among these 
Ofmg a biconner lens haning a diameter or 130 mm. Cornu prism. triple Tresnel prism. Tor 
iiiineralogical innestigations: R large assortment of wedges of difTerent grades. SoleiTs 
Qouble plate, Bertrand's quadruple ptate. Polariscopes. Tor saccharimetry: SoleiTs wedge 
compensators, and Standard ptates. 

6. Seletlite and Mica Preparations: Retardation Rlms, double pUtes, wedges or difTerent grades, 
€.ti.Tedorou)*s mica wedges, concane ptates, narious selenite pictures, mica combinations after Reusch 
aadnflrremberg. 

T. Hccessories for Spectrometers: SoUd and hollow prisms or narious qualities and siies. 
IHple, quadruple and sepfuple Rmici or Janssen prisms. Rutherrord prisms. I0ernicke*s 
md prisms ror direct nision and deflected rays. 

t. Preparations for Eirperiments on Radiation of Heat. Rodi-sait lenses, pnsms and disks 
of pure material 



S. CR. steinheil Söhne, Wunidi, t Theresienhohe. 

Optical and Rstronomical lOorks. £stablished t855. 

Proprietor: Dr. Rudolf Steinheil. 

(See aUo Sections II, Ve and Vf.] 

I. Spectrometers. 
t. normal Gräting Spectrum Rpparatus (Fig.t]. improoed rorm (seeZeitschrirt rür in- 

strumentenk. tS9S, p.3S0]. 

thts apparatus is adapted both ror the optical Observation of the spectrum rormed by a plane Rom- 
Und grantig or the Ist, 3nd or 5rd order mith the aid of a reading telescope and ror photographing 
Hie dtffraction spectra, in mhidi latter case the telescope is remoned and replaced by a Photographie 
Camera fltted wtth a Uns, ground screen and dark-sUdes ror 0x9 cm plates. 



t06 



SccHonVb. 



the deüiatioti of thc raus \s mcasured bi| tneans of a quadrani dividtd on sitocr inlo intaiMls of 
tO' and readitiQ by a oemicr and magniRer to tO'. the obserucd dcüiation is reductd lo loaoe-lnigHis 
toith the aid of a formula. 

R Scale can be seen or Dhotographed together loith the spechrum. (Three successive spectra can be 
photographed on eadi plate.] 




Tig.l. 

2. Simple Spectrograph lOith Stand [Fig. 3], prlmarilv adapted for tesHng orthodinwiäKc 
plates, &c. 

the spechrum is formed b^ a quintuple direct oision prism and photographed wiHi the aid of a 
Camera, the camera and spectroscope are clamped \o a simple rotahng brass column mounted upon 
a Iripod. 

the width of the slil is shouin b^ a dioided drum. R radi and pinion movement facilitates the ad- 
justment. the apparatus is fitted with a detadiable c^lindrical lens and is adapted for t5xUcn 
plates. Tioe successioe photographs can be tahen on one plate. 



II. Spectrometer Rccessories (Prisms). 

a. Crown or Flint 6lass Prisms of so«" with two round poiished faces. 

b. Crown 6lass ReflecHng Prisms, 90^ with three poiished surfaces, those including the right 
angle being round. 

C. Croion 6lass ReflecHng Prisms, 90«, rectangular faces with sharp edges. 

d. Triple Rutherford Prism, being a heaov nint prism cemented between two croum gUss 
prisms. 

e. Small Fluid Prism CFig. 3), haoing an internal diameter of 30 mm. the openings are dosti 
without the aid of any cementing medium, by optically plane and parallel glass disks, sufRcitnt ad- 
hesion being obtained by perfect contact. 



III. Optical IVleasuring Instruments. 

Telescopes forreading scales directly or by reflection at a mirror. 

a. Ordinary Reading Telescope n^ig. 4), with double objectioe and simple astronomical eje- 
pieceAD, on simple stand fittea with scale carrier and scale. 
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e lelescope cati be rotaied Hirough 50** oti Us horisontal bearings. the verHcal stem \s Rtted 
a cUtnp and micrometcr adjushnent the low poioer qiepiece \s providcd loiHi cross toires. 

Reading telescope Rtted toUh triple objective and micrometcr eyqiiece AF, so as to give a 
ht Image, toith neio micrometer stand. 

e telescope can be stoung 60'' up and doion. the horiiontal and oertical moDements are actuated 
icrometer moDements. 
e Kaie can be alladied to the stand both in a horizontal and oertical position. 





Tig.5. 




j(W^s^W|tti^^ 



Tig.2. 



Tig.4. 



IV. Optical Rusriliaries for tjarious purposes. 

^lanaHc nagniRers, triple cemented, perfectlv adiromatic, ^i^^^^^ng raultlessly Sharp Images 
tut distortion up to the edge. 

hibitSI'^Rplanatic magnifier in polished brass mount. Rplanatic magnifier in brass 
uminium folding mount, Single and double lenses. Set of aplanatic magnifiers with holder, 
se. Plano-parallel and plane test glasses. 

taaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



9. Tdax Wol2, Bonn-on-the-Rhine. 

ScioiHfic Instrument Mäher. 
(See aUo Section III b.] 

of. H. Kays er 's Rpparatus for Measurina Spectroarams. this apparatus is con- 
fcd for the purpose of measuring the distances behoeen the lines oisible on the photoaraphs of 
ra. It is based upon the principle of the dioiding engine:^H Rne screw mooes a slide whidi 
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carries Hie pUte and thereby pUces cadi successive line undcr Ihe cross-lines of a laleratta vunmlcd 
mtcroscope. In instruments or Hiis hind, as usuallu conshructed, U \s nfcessaru eadi Hme ro read Ik 
Position of \ht micromcter head toith respect to a mrcd inder or ocmier. this process of attcruk 
adjushnent and reading is not ontu nen| ratiouina but conductioe to inaccuraqi. Ihe diief noMSf 
of this instrument consists in thc fact that eam a(()ustment, instead of bdng read on Nie micromelir 
head, is reoistered bi^ a printing recorder. Tor thts purpose the micrometer head is prooided uM 
lines and ngures ertending from t to tOO. Rnother simtlar head rides looselv on Hie samc spindle 
side bu side toith the flred head and is connected loith the tatter by a tooth gearing in sudi a manncr 
as to rraoel one dioision of the scale tohile the fli ed head describes one complete reooluHon. R pointir 
is situated beloto and betioeen these tioo disks. lOhile tuming round, these dishs run on hoo fett 
rollers saturated toith colour for gioing the required impressions. A tape passes beloio both disk 
tohidi is pressed against the tatter by the depression of a button situated on the left side of the iiK 
strument, whereb^ an impression of the lines, numbers and the inder is produced on the t 

Gessure on the button displaces at the same time the tape automaticallii mrough a certaiii 
hile measurino, the obseruer needs therefore not remooe his eyes from the microscope« it l^eing 
to press the button after eadi Observation, the readings are subsequentlv fumished bi| the nbe __ 
the loose disk indicates the entire reoolutions, hundredths are indtcated bu the mooemenl or tfeft! 
disk, and tenths dioisions can easilv be estimated from the distance of the indev from Ihe liMil i 
dioision lines. the screw has a pitdi of about 0.99 mm. 1t is oen| carefuUv cut so as to dchiie Ifer ] 
necessitv of prooiding special screto corrections. the distances separating tuio lines on the spcdmi 
can therefore be measured directly and accurately within 0.00099 mm.^tiie tradi of the sUde eariNaces 
about 15 cm. Tor the conoenience of the obseruer the microscope is mounted in a slanthtf posüioii. 
and the plate-carrier is correspondingly inclined. lOhile measuring it is often desirable to «ppend to 
the posittons of the oartous lines notes respecting their intensitv, deflnition, tc; fbr wliüh purpose 
the apparatus is prooided with Tour other buttons so as to imprint t, 3, 9 or 4 points upon Ine tape 
nert to the reoistered measurement. By oariously combining these four points it will oe seen mt 
fifreen conoentional notations are aoailable. 

this instrument is the property of Flr. Haustoald, of Flagdeburg-neustadt 



to. Carl Zeiss, OpUcal Works, Jena. 

(See aUo Sections 11, Vc, Vd, Ve and Vf.) 

Optical Measuring Instruments. 

R separate department has been established since tS93 for the construction of optical measuring 
Instruments, thts department is under the superoision of DnCPulfrich. the Instruments made in 
this section-^pectrometers and refractometers, spectroscopes, ooniometers and reading microscopes, inter- 
ferential appliances, telemeters, Ac.^are mainly designed for use in physical, diemical and minera- 
logical laboratories and are aoailable for manu sciennflc and tedinical uses. the majority of these 
Instruments are original in conception and design and haoe emanated from the firm*s ouin requirements. 
theu haoe been constructed successioely by oarious members of the scientific staff either for the im- 
mediate needs of the ujorkshops or for subsidiär^ eiperimental inoestioations. RH of these Instruments 
haoe therefore been subiected to practical tests, often for years, in the original Workshops, and the 
majoritv of them haoe therefore through continued improoement readied their final stage. 

the folloujing Instruments are erhibited: 

Rbbe'S Spectrometer, a large model for specfrometric determinations and a smaller instrument 
for teadiing and practicing in College laboratories, including auiilian^ and accessoqi appliances, prisms» 
hollow prisms, heating apparatus, 9tc 
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Zwo TUtO RefractOtnfterSy both bascd upon \ht mtthod of prismaHc droiaHon. One, having 
a nariable rcfracHng angle, is particutarlv adapted for thc oraminaHon of highlu refracHna fluids. 
tlic other is a differenHal refractometer, constructed for determining the diffrrence or refract- 
ini of hoo fluids. 




Tlg-i. 

Rtkr*s rcfrcctomctcr wirb huHng ipparahts. 



Fig. 2. 

CryiUl ttftäCUmttn (nein modd). 



Oarious rerraclomelers based upon Ihe obseroation of Ihe crilical angle of total 
reflcction, e.g.: 

Puirrich's Refractometer (new modei]. 
Rtfractotneter for Colleges. 

Hbbe'S Refractometer. Zwo modeis, one of whidi is fitted u)ith prism adapted for being 
hcated CFtg. t]. 

Refractometer for Special Technical Purposes (butter, miik-rat and urd refractometers]. 

Crystal Refractometer (new model], eminently suited for the eramination of small and defectioe 
sinfaces CFig. 2). 

Caboratory Comparlson Spectroscope with u^aoe-iength scaie [Fig. 9]. 

IlflO nuid Prism of high dispersion. 



tto 




TIg. J. 

Cabantory comparison tpntrotcope. 
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nno Cnjstal 6oniomtter tolHi nariaus iminmeiiiails fai 
Hic coUimah>r, bi| tohidi Hie paHi of Hie r»|s is rendered cm' 
pletelv adjustable from the lumiiumt to Hie ei|c of Hie obscmr. 
n special feahire of Hiis instrument Is its aiUp^abiUhi finr ottfav- 
ing diffuse reflecHon as a means of eramlnlng smaliaiid imcMi 
surfaces. 

Darious Rppliances fbr Conaihidinal Vkasmmtü 
fpadivmeter, hoo terms of compararors, a spherometer nd a 
rocometer). 

Rbbe-FUeau's Dilatometer. 

Pulfrich's nno IntnferenHal Rpparatus and staii 

L Mach's Quadruple Plate IntnferenHal Refrado- 
meler. 

InterferenHal Refractometer, omshitcred on Jamin'sprii- 
dple. 

neui Stereoscopic telemeter. 

DescripHons of these oarious inshruments and price-lists «119 
be had rree on application. the majority of Hiese haoe ben 
published in Trendi, English and 6eniunt 



C. Microscopes and their RuxiUaries. 

t. 6ustau Halle, Rijfdorf near Berlin, 53 Hermannstr. 

Maker of Scientific and tedinical Instruments of Precision. 

(See also SecHons Vb, Vg and X.) 

t. Hand-microscope for demonstrating the analomy and physiology of pUnts, made almost 
enHrelu of aluminium and weighing only 970 g, focussing by radi and pinion, prooided loiHi hoo 
stage diaphragms. 

2. Cntomological Stand-microscope, with adjustable tube-length and radi and pinion adjust- 
ment for toorhing-distances of 90 mm to 90 mm; adapted for opaque objects; oen| lighl and adapted 
for use as a hand-microscope. Stage with Cardanian joint and hoo objecHoes. 
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2. 6. Hartnadi, Potsdam, 39 waisenstr. 

Optical 1;9orhs. 
this firm was formerly established in Paris. 

t. The Microscopes erhibited are in general design and conshrucHon of the form originaled bi| 
Ihis firm some 50 years ago, but the mooements, especiaUv the coarse and fine adjustments, 
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haoe been so considcrablii improvcd as to loork 
«ith an eitraordinarv degree of smoothness, 
«nirormitv and precision. By improned methods 
flf dtoided labour rhe Stands are novo produced at a 
conslderablv diminished cost. 

IParHcular menHon mai^ be made of thc cylinder 
iris-dtaphragm and thcsioina-out condenser, 
«hidi arc both adaptable \o the mtermediate as loell 
as \o thc laroe Stands and greatlv fadlitate dianges in 
thc modcs or illuminaHon. 

or thc Stands, Series V is intfnded for the Rnest 
mark, the Stands of Series IV are nearly equinalent 
ID these and adapted for cUnical toork and medical 
researdi (Stand IVB is shoion in the annered illustra- 
Nonl. Stands 111 and 11 are designed for taboratoni 
toork. 

Ihe tridiinoscope has an unusuallv loide stage. 

2. the Binocular Microscope suffices for mag- 

nificattons not erceeding forty diameters. the instru- 
ment has an adjustable inter-pupillary distance and 
yields orthomorphic and stereoscopically cor- 
rect images. 

3. His's £mbn|09raph serots for draioing 
secHons not erceeding 93 mm in diameter. the later 
form of this instrument is considerably more rigid 
than the older model. 

4. the Objectit^es haoe been considerably im- 
prooed loith the aid of Jena glasses, and their toork- 
ing distances haoe been increased. the front 
lenses are no more cemented but consist of solid 
lenses. the objechoes are consequently mudi less 
liable to be injured. 

5. Uarious Microscope Rccessories, sudi as 
achromatic magnifiers toith perfectly flat Reld, 
magnifying up to 35 diameters, in oarious mounts, 
a neio lens loith handle and protectors. (By 
tuming the handle 90'' the protectors are mooed aside 
and the lens is ready for use.] 
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3. Otto Himmler, Berlin S. 42, 9 Brandenburgstr. 

OpHcal atid Medianical tOorhs. 

Specialihj: Microscope ObjecHt^es. 

Established tSTT. 

A. Microscopes for scientific and tedinical purposes (for bacteriology, kc). 

B. Microscope ObjecHües and Cyepieces. Semi-apochromatic objectioes, compen- 
sating eyepieces, projection lenses. 

t. neio demonstrating microscope, as suggested by Dr. R. Kolktoiti. 

3. traoelling microscope. 

5. Miaoscope for watdiing the groioth of ptants. 
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4. Fledunical object-stages. 

5. PhotO'tnicrographic and projection apparahis. 

6. Polariiing appliancfs. 

7. Dissfcting microscopes and dissecting lenses« 
S. Flicroscopc accessories. 

Tiott, the abooe inshruments are fulli^ described in Catalogue Tlo.tt (tS99, 6erman, Trendi aii4 
Cnglish], tohidi nuiy be had free ort appUcation. 
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4. R. Jung, Heidelberg, 12 £andhausstr. 

(See aUo Section Vll.) 

t. Micro tome. N. H. I. neio Heidelberg model for targe brain-secHons not eiceeding Sttfln in dia- 
meter. Uertical mooement tOOmm. Titkd loith trough for cuUing under alcohol the parts scroina 
for the orientation of the objects and other mooable parts of the obiect-holder do not come in coalaa 
toith the alcohol. the hnife blodi is moved medunically toith the ald of a crank-tohed. the inrflir b 
simply and securelu clamped in its best position. the object is rottghlu adiusted bi| mems of a €mk 
the microtome is ntted loith simple and conoenient means for adjusting the thidincss of tlie suMmk 
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2. Microtome. N. H. lll, fltted toith glass slides, in other respects simitar to the preceding model, 
but prooided toith automatic adoance of the object, it is capable of cuttina objects not eiceeding 10 mm 
in diameter. the oertical movement of the object amounts to 56 mm. (fig. t, in lohidi the troi^h is 
not shoton for the sake of cleamess.) 
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3. Microtome. N.H.IVa, toithout trough, dtUd loith glas$ sUdes and nno oHmtatitig object- 
clamps and rreeiing apparahts. 

4. thoma'S nicrotome. nodel l loith simpU equipmoU CFig.}). 




Tig-J. 

5. Vlicrotome IV, equipped loith itons 53, 43, 5S of the flrm's catalogue and Rtted loith ncio re- 
loloing knire-holdcr for himing the knife about its edgc. By means of this holder, the cutting angle 




Tig. 3. 

nai| be altered loithoul raisina or loioering the edge of kniues of a certain loidth. lOider or narrcnoer 
tniocs sufTer a certain nerHcal displacemenl, lohidi can hoioeüer be corrected by means of small set 
Krcios (Fig. 9). 

Mctemics nä Of Ho. S 



i 
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Tig. 5. 
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6. RutomatiC Microtomt for iMiraffin secHons, 
microfomc [Fig. 4). 

7. RutomaHc Microtome for paranin secKons, nr 
tnodel. 

8. Small Microtome, so-called shidmrs microtome, U 
froitn and parafRn scctions [Fig. S). 

9. Small nicrotome, loith autonuHc adjustment 

tO. Immersion Rpparatus for series sccHons. 

tt. R Set or Braln SecHons, prepared b^ microhnncs 
N.H.I and H [not for saU). 



5. 6. £eit2, Wetzlar. 

OpHcal 1;9orks. 
[See aUo SecHonVd.) 

Microscopes. 

t. Stand I, Fig.t, inclinable, toith clamping lener and drcuUr reüolvtng slage. Ihe coarse adjust- 
ment is efTected by a radi and pinion movement, the fine adjustment bi| a micrometer scmo with 
dioided head. Drato-tube dioided in millimetres. £arge illuminating apparattis toith cylindcr Iris- 
diaphragm and hinged condenser, for rapidly and conoenientty interdianging the condenser and cylinder- 
diaphragm. Renolving nose-piece for the objectives. the microscope is equipped lolth apodiromatic 
dn| lenses 16 mm, Smm and 4 mm and an apodiromatic 3 mm ou-immersion Uns, together wiHi 
Roe compensating eyepieces. Flagnifications 63 to 3,350. 

The Laxae Nlcroscopes comprising stand la, tohidi is smaller than, but in other respects simitar 
to stand I; Stand la toith the English form of foot; Stand Ib loith Ried si(uare stage. these mtoro- 
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scopes arc eauipptd toith Hie adiromaHc objecHves 5, 6 and otl-immersion Vit' ^nd Kuyghenian 
e^ieces 1 to V. VlagniRcaHons 60 \o ttOO. 

2. the Medium Sized Microscopes comprise stand Ila [Fig.]] and Stand Hb. These hoo 
Stands difTcr toith respect \o the form of their feet, the former haning a horse-shoe foot, the latter a 
(taio-foot. the coarse and flne adiustments are simitar to those of the large Stands, the drato-tube 
is draided into millimetres. the illuminating apparatus is of the simpUfied Babuchin tupe and is 
(itted with lateral toorm-screto for raising and loioering. the condenser can easilu be erdianged for 
the cvUnder-diaphraam. triple nose-piece ror quidily dunaing the objectiues. Objectioes 5, 6 and Via' 
oilhnmersion, and Huyghenian eiiepieces I to V. Flagntflcations 60 to ttOO. 




Pig.i. 

stand I. 




The Small Nicroscopes III, IV and V are proutded toith coarse sUding tube and micrometric Rne 
idjustment. their optical eouipment consists of the adironuitic objectiues 9 and 7 and the Kuyghenian 
fiKpieces I and HI. Flagnincations 60 to 500. 

Stand VI, being solidlv constructed, is a usefui auiilian^ instrument for laboratoni and commercial 
purposes. 

3. nebelthau'S SUding Microscope is adapted ror seardiing sections attaining dimensions 
of 16x20 cm, brain sections in particular, also plate and dish cultures loith low and medium poioers. 

4. Ddlken'S Microscope with large object-stage, adapted for the eramination of large pre- 
parations loith the aid of the condenser in conjunction loith the highest poioers. 

5. Carge Microscope equipped ror mineralogical loork. the outflt includes a polariier and 
analttser, reoolniim graduated stage, dinided ei|epiece and nemiers, ei|epieces toith cross-lines, quadruple 
q^urn-pUte, calcife, selenite and quarti-plates, &c. 

6. traüelling, Reading and DissecHng Nicroscopes. 

T. Rpparatus for Blood-eyamination, consisting of a microspectroscope, thoma*s haemacyto- 
mdcr, blood alkalimeter and £hrlich*s eyepiece. 

S. Dariotts Mcasuring and Drawing Hppliances and other microscopic accessories, induding NicrO' 
tanus. 
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Fig. 5. 

NUrotomc. 

These microtomes are all fltted loith tneans for verHcally raising Hie object; the atnount of the 
eleüation, i. e., the thidiness of the section, is shoton by a micrometer-screto. the cUmps Holding thc 
object are either flred or movable. the ball-jointed clamp admits of the objecl being inclined in ann 
direcHon. the desired posiHon is fUed by a screio. 

the naples clamp serves to adjust the object in tioo directions, one of these adjustmenb being 
efTected by a radi and pinion monement, the other by a loorm-screio. the microtomes difTer in the 
manner in tohidi the hnife-blodis are made to traoel. this is efTected either by hand or bu means of 
a cranh and screto motion, or by a cranh-toheel and diain movement. Tig. 9. the object is raised 
automaticallu in these microtomes by means of a toothed toheel attadied to the micrometer-screio, lohidi 
is actuated by a ratdiet leoer toorhed by the retum movement of the hnife-blodi. the leoer is adjustabU 
so as to oary the number of teeth engaged by the ratdiet from l to 10. R movement of the diskbii 
one tooth causes the object to rise 0.0025 mm. R thoma or Heidelberg hnife can be fUed immediatelt) 
upon the hnife-blodi by means of a loing-nut. the tradis of these microtomes are respectioely 42, 32 
and 19 cm long. 

In the case of the small Hand and lOell Microtomes the knife or raior is loorked by hanl 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



6. ßustaü IVliehe, Hildesheim (Prou. of Hanouer). 

Scientific Instrument Maker. 

t. raicrotome no. O, toith clamp and paraffln stage. 

2. raicrotome no.t, toith clamp and paraffln stage. 

3. Nicrotome no. 9, as shoion in the Illustration, toith clamp and paraffin stage. 

4. Microtome no. 5, as shoton in the Illustration, u^ith clamp and paraffln stage. 
Microtomes nos.t, 3 and 5^ are fitted with reoersible object-holders, whidi can be rotated on thr« 

ayes and thereby placed in any desired position. 

5. Nicrotome no.t, mounted on a nidieled sole-plate and fitted loith a variable ratdiet and pato 
adjustment so as to obviate the necessity of reading divisions u^hile cutting. SecHons can be cul 
varying from 0.0035 to 0.3 mm. 

6. 6udden's Microtome no.5. 
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T. Knife for dmo, in casc. 
$. Kniff in case, 12 cm long. 
9. Knife in casc, 30 cm long. 
tO. Dr. Henking's Knife, in casc. 

tt. Freezing Rpparatus for microtomc no.5, loilh filier lo obniale \h€ inconncnicnces arising 
from stoppage. 

12. Dr. Behrens'S Droppina Rpparatus for irrigaHng Ihc knife tohile culHng. the supplv 
oT fluid is regulalcd bi| a small codi, the apparahis is simple and conocnient and can bc adaprcd 
to anv microlome. 

13. Prof. Born'S SecHon Stretdier. this dcülce is simpler and more connenicnt lo use Ihan 
all oHier similar appliances. 

14. Dr. Cuzuki'S Bloch rrimmer, a neni connenicnl apparahts for accuralelv squaring and 
readilii adjusHng Ihe objccts. 

t5. Compressor for meal inspecHon. 



T. W. & H. Seibert, Wetzlar (Rhine Prouince). 

Microscopes and Microscope Rccessories. 

t. Stand 2. Earge Microscope fillcd loilh Abbe illumlnaHng apparahts, iris^iaphragm and 
cylinder iris-diaphragm, rcnolning nose-piccc for Ihree objeclincs, apochromalic objeclioes 16, 4, 
and 2mm homogeneous immersion, compcnsaling eycpieces 2, 4, 6, Sand ts, niagnifi|ing 2t lo 
22SO diameters. 
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stand t (about 1/4 hiU sUc). 



2. Stand 3. (arge Microscope med toiHi Rbbe uht- 
miiuHna apparahts and iris-diaphragm, triple nose-picce, ob- 
jfctives II and V, homogeneous immersion %\ eyfpifces f 
and 5, magnifying 7 t to 1160 diameters. 

3. Stand 4. Carge Microscope nittd loUh Rbbe 
condcnscr, hiplc nose-piece, obJccHocs 11 and V, homogenms 
immtrsion Vit'* t^tpltcts 1 and 9» magnlfiilng 71 lo MM | 
diameters. 

4. Stand 5A toith reooltiing slage and simplified ilfS' 
minaHng apparahis Rlled toUh iris-diaphragm, toith truiif 
nose-piece, objecHves 11 and V, homogeneous immersion Vit', 
eyepieces 1 and 5, magnih|ing 71 lo 1160 diameters. 

5. Stand SB ntted toith simplified illuminattng appa- 
ratus and iris-diaphragm, triple nose-piece, objectioes 11 and 
V, homogeneous immersion Vti", eyepieces t and 5, nugnihi' 
ing 71 to 1160 diameters. 

6. Stand 6 A, with double nose-piece, objectioes 11 mi 
V, evepieces 1 and 9, magnifi|ing 71 to 610 diameters. 

T. Stand 6B, u)ith objecHnes II and V, eyepieces 1 and 3. 

8. £arge Poiariiing Microscope, fltted with poiariier. 
double condenser, two analyiers, Bertrand lens, Ac, cvr- 
pieces 0, l, 3 with cross-lines, 9 u)ith micrometer, objecnoe 
clamp, objectioes a, 11, IV, V, and homogeneous immersionVit*. 

Detailed illustrated price-list free on application. 



S. Paul Waediter, Berlin-Triedenau. 

Optical and Medianical lOorks. 
established t8T2. 
(See aUo Section Ve.] 

t. Nicroscope la, nose-piece for four objectioes, eyepieces 1 to 5, objectioes 9, 9, 7 and %o^' 
immersion, Rbbe illuminating apparatus, &c. 

2. Nicroscope I a, nose-piece for three objectioes, three eyepieces, objectioes 9, 7 and Vit ^^^' 
immersion, Rbbe illuminating apparatus, kc. 

3. Nicroscope I, nose-piece for three objectioes, three eyepieces, objectioes 9, 7 and Vit oil-immersion« 
Rbbe illuminatmg apparatus, 9tc. 

4. nicroscope I with reooloing stage and polariiing apparatus, one eyepiece, objectioe 9. 

5. Microscope II, nose-piece for three objectioes, three eyepieces, objectioes 9» 7 and Vis o^^'^^' 
mersion, Rbbe Illuminating apparatus, 9tc. 

6. Microscope II, nose-piece for two objectioes, two eyepieces, objectioes 9 and I, Rbbe iltu^ 
minating apparatus, 9tc 

T. nicroscope III u^ith Rbbe illuminating apparatus, tu)0 eyepieces, objectioes 9, 7 and 9. 

8. Microscope III a without illuminating apparatus, tuio eyepieces, objectioes 9 and 7. 

9. Microscope IVa, nose-piece for three objectioes, three eyepieces, objecttocs 9, 7 and % oil-in^ 
masion, Rbbe illuminating apparatus, tc. 
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tO. Microscope IVa, hoo qiepfeces, objecHoes 9 and 7. 

tt. Microscope V, one qiepiece, objecHve $ (1+3 +5]. 

12. VHcroscopeVa (Mdiinoscopo. 

13. Mtcroscope VI, one enepiece, objecHve $ (t-i-2-i-5]. 

14. VHcroscope X, one eyepiece, objecHoe 4 (t-i-3]. 

15. VHcrOSCOpe XIII (hldiinoscope). 

16. Microscope Vb, \o fo\d up, for counhii meat inspectors. 

Oarlous small sdiooU demonstration and dissecHng microscopes, magniflers and accessoni appliances. 

otetetotetetetototetototototototototototototototototetototototefOfefotefefefefefot 



9. Carl Zeiss, OpHcal Works, Jena. 

(See aUo SecHons 11, Vb, Vd, Ve and Vf.] 

Nicroscopes and IVIicroscope Rccessories. 

the old empirical syslem of conslrucHng microscope objecHoes has been discarded by Ihis firm 
since thirty nears» and Ihencefonoard nuinufachire has been preceded by the complele compulaHon of 
tte tohole or the data required for opHcal conshrucNon. the establishmenl of neio test melhods ne- 
ccssitated by Ihis syslem led in ils eartiesl slages lo the conshrucHon of an illuminating apparahis. 





iefc*f____ _ . „ 

Tig-l. 

Stand la wUh Urgc »cduitilat stage. 



Tig. 2. 

Stand for proJecHon and phoro-micrography, 

»Uh Bcrflcr's body-franic. 
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VDhidi, in conjuncHon voith suiUble stops, suffked to produce all the phascs of direct «nd obUqur 
ülumitiaHon. this apparahis has subsequenHy come into mudi more general use as a micrascopr 
adjunct and has been munon as "Abbe's üluminaHng apparahis.** 

Cner since the true connecHon behoeen the apcrhtre and resoloing poioer of an obiecHoe bccanc 
eluddated bv Abbe*s theoru of ttie microscope, Ü has been Hie prominent aim of opHdans, seelrii| 
lo improne microscope objecnnes, to increase their numerical apenure. These efforts haoe led to Ite 
conshiicHon of homogeneotis immersion lenses, vohidi originated in Hie Zeiss voorfcs and was sub* 
sequenHy foUoioed by a mono-bromide of naphthaline immersion Uns iiielding a numerical apertnt 
of t.6. 

In addiHon, Hie opHcal resources of Hie microscope voere considerabli| increased by Hie introductio« 
of numerous neio kinds of alasses, lohidi, bu suilaole selecHon, fumished Hie means of neutraliihu 
the secondary spechiim ana the dironuHc difference of spherical aberraHon. Ihe pracHcal resuU « 
Hiese efforts, lohidi oriQinaUy proceeded from purely theoreHcal consideraHons, loas Hie introducHon of 
Ihe apodiromaHc objecrioes and a considerable improoement, loilh Hie aid of the neio olasses, of Hie 
adiromaHc objecHoes. these improoements eitended also \o the enepieces, inasmudi as tt had becomc 
possible lo compensate bu suitably compuled eyepieces Ihe diromanc difference of maonificaHon, whidi 
consHhtled a residual derect in all hign power objecHoes, including Ihe apodu'omafic lenses. these 
eyepieces were called compensaMng eyepieces. 

Hnother series, Ihe projecHon euepieces, was construcled for the purpose of improoing Ihe real 
imaoes jprojecled on the screen bu rhe objecHue and eyepiece. 

tne firm conhibuted also lo Hie deoelopmenl of Hie oinocutar microscope and inhroduced, m 
the shape of 6reenough's microscope, an inshiimenl whidi is capable of yielding hrue and pracKc- 
allu useful slereoscopic uision. 

ConcurrenHy with the optical improuements Ihe firm steaditu deoelooed Hie medunical details ind 
morfcmanship of the microscope Stands, wiHi Hie principal objecr of perfVcHng Hie predsion of Hie ad- 
Jushnents. KccenHy a stand has been designed hauing its upper body constructed on a neio prindple. 

A. ObjecKves. Complete series of the ApodiromaHc ObjecHoes and CompensaHng 6uepieces. Com- 

{ilete series of the Adiromatic Objectioes and Kuyghenian Cyepieces. Auiiliani apptumces for fesf- 
ng microscope objectioes. lleui aplanaHc proJecHon lenses of 35 and TO mm focus. Plankton seardier. 

B. Stands. (Tigs.t and 3.) Complete series of microscope Stands for general use. lleio: Sfand 
for ProJecHon and Photo-micrography, fltted loith R Berger s^body-frame. Stand for Brain-sections 
haoing a stage of 35x35 cm. Flineralogical Stand. 




Tig.3. 

Khht'$ drawlttg ipptrattts. 
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C Hiuriliani nicroscopt Rppliances. niuminaHng appUances for white and coloured light 
Spcctntm eiKpieces. Fleasurtitg and counHng apoUances for microscopical objects (e. 9. blood-corpuscle 
cottiiHng diamber). Draioing cameras (Tig. 3j. Mtreoscopic eyqiiece. 

D. DiSStcKng Microscopes and tenses. neio: 6reenou9h*s Stmoscopic DissecHng Ml- 
croscope [Fig. 4). the samt. Med loith Braus-Drüner*s universal stand, the same equipped as a 
corneai and skin microscope (dermatoscope). Auriliary appliances for evamining microscopical objects 
from all sides (6reenough*s Prismatic and Capillary Rotators). 




Tig.4. 

erecnough's blnocuUr microscope. 

Detaited descripHon inCatalogueno.3t (tS9S) of Microscopes and Microscope Accessories, lohidi may 
bc had firee on apptication in frendi, 6erman or 6nglish. 



d. Photo-micrography and Projection. 

t. H. Tuess, late J. 6. ßreiner jr. & ßeissler, 

Steglitz near Berlin, 7/S Düntherstr. 

Mtdianical and OpKcal lOorhs. 

(See also SecHons lila, IV, Vb and Vg.) 

. t. Projection HpparahlS for electriC Ught loith triple condenser or U5 mm dUmeter. (C £eiss, 
% opHsmen tnshrumcnte, 9tc^ p. 396.) Fig. t. 
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p. 336 



Txq. t. Tig. 3. 

2. ProjecHon Rpparatus for phusical and crustallopKc dtmonstraKons. (C. £eiss, ibid. 

m.) Ti9S.3and3. 




Flg. 3. 
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2. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

7 Hdolphsbrücke. 
established tT96. 

OpHcal Institute: Spectrum Rpparatus, Prisms, Photometers, Projection Hpparatus, 

Sciopticons, Cantem Slides. 
(See also SecHons Va, Vb and VIII.) 

t. Projection RpparatllS loorked b^ elechlc llght, adapted for UtiTem slides« mlcroscopic objects, 
spectntm erperlments, kc, TiqA. 



meter, 



3. Caroe Projection^amp wlth lUumlnaHng lenses for plchtres not eiceeding ISO mm In diä- 
ter, lolm cooling trough and adironuHc objecHne for llme-llgM or decfric ligKI. Tig. 2. 
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TI9.J. 



Tia.9. 
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3. SciopHcon, mounUd on qitical bendi, for demonstraHng physical and dtemical orperimcnts ind 
for shoioing Untern sUdes. Fitted loith triple bumer petroleum Ump. Fig. 9. 




Fig. 4. 

4. £imf4iQht Burner or original construction, absolutelii relUble (Promettieus T. ut. U96), for 
sciopticons. l^g. 4. 

ototototototototototototototcxototototototototototot ot ot ot ot oc 



3. 6. £eit£, Wetzlar. 

OpHcal lOorhs. 
(See also SectionVc.) 

I. Photo-macrographic and Photo-micrographic Rpptiances. 

the evhibits comprise tioo forms of Photographie apparatus:-' 
t. Cdinger*s Apparatus for low magnifications. 
2. A Photo-micrographic Apparatus for high magnifications. 

t. £dinger'S Rpparatus Is adapted for photographing objects measuring lto9$inin in dia- 
meter at magnifications of 9 to 20 diameters. Special Photographie lenses of 24, 42 and 64 mm focus 
haoe been constructed for this purpose. the 24 mm lens has a conering poioer of tSxtS cm, the 42 mm 
lens cooers tSx24 cm and the 64 mm lens 24x90 cm. these plates are uniformlii and shnrpli| cooered 
up to the edge. 

2. Ihr Photo-micrographic RpparahlS is used in conjunction loith the microscope. the con- 
struction of the apparatus, wiiidi is used in a oertical position, is shoum in Fia.t. Whirtas uiith a 
horizontal microscope it is customary not to use eyepieces, thls apparatus is mtended for use uiith 
any of the eyepieces, so as to yield magniflcations up to 1200 diameters. 1t is j ' ' ' ' 
and t9xt6cm plates. the adiromatic objectioes are sufflcient in eoery respect, 
croscopists gine preference to apodiromatic lenses. 

these appliances are more fuUy described in a pamphlet entitledr-^^Die mikro 
Apparate der optischen lOerkstätte non C £eiti. Anleitung tum 6ebr« 
einer photographisdien tedinik.** 




ited for 6x12 cm 
ih some mi- 



aphischen 
dieser Apparate mit 
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II. Projection RppUances. 

Cargt ProjtcHon Rpparatus. this apparahtstsadapted: a. for projecting lanttm sUdes on the 
screen; b. for thc proJecHon of microscoptcal preparations; c. for endoscopic projection, and d. for 
phtpsical demonstrahons. 

the sptcillcaHon includes for all these purposes:-^ 

t. a Schuckert proJecHon-lamp of 13 to 30 amp^res; 
2. a triple condenser of 160 mm aptrhire; 
9. a Urge cooUng trough. 

Tor projection on the screen, the apparatus is suppUed loith an additional frame for Untern 
slides and a projection-lens of 300 mm focus. A small condenser fltted with diaphragms, an object-stage 
aad objectioe-carrier loith lenses complete the equipment for microscopic projection. Ine optical 
«ultln and light-aathering power of the condensers render the whole of the microscope objectioes, in- 
cluding the Vit oü-immersion lenses, aoailable for the purposes of protection. At marimum magniflca- 
tions of abour 30,000 diameters the Image is sufficientlv brioht at a distance of 4 m as to be oisible to 
a fairt^ Urge audience. 6ndoscopicprojection necessitates a special modification of the illuminating 
conr, so as to obtain sufnciently brignt Images of solid objects, internal organs, 9ic. bu incident lighr. 

For this mode of üluminaHon, it is necessary to emplov an endoscopic light-modiner and a pro- 
jccKon^lcns of 900 mm focus. 
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A detailed description of these appliances and information on the applicaNon of the apparahis for 
physical demonstranons will be foutid in a pamphUt enHHedi-^^'Der grosse Projektionsapparat 
tn seinen verschiedenen Derioendungen. 
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4. 7r. Schmidt & Haensdx, Berlin S., 4 staiudireiberstr, 

Optical lOorhs. 
(See also SecHons Va, Vb and VIII.) 

the folloioing are the most important applications of projecHon appUances:-' 
t. Projection of Untern slides, lohidi are plaeed in the sUde carrier (D, Tig.3). 
3. Projection of small objects, sudi as a gold-leaf electroscope, lohidi can be plaeed near Hie 
plane of the Untern slides after remouing the bellotos (B, Fig. 3). 

3. the Illumination of optical Instruments, e.9. of a Jamin interferentiat refractomrter, 
for the purpose of demonstration on the screen. 

4. Combination of the projection apparatus with an optical bench fitted with oarious 
optical appliances, sudi as the simple microscope, polariiing appliances, spectroscopes, ftc. 

5. Projection of horizontal objects, e.9. a glass plate with iron fllings in the magnetic fleld 
of force, as shown in Tig. t. 

6. Projection of opaque objects by incident light, e.9. small illustrations in tevt-books. 
T. Micro-projection. 

S. Photo-micrography. 

9. Photographic enlargements of negatives. 
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ts indude:-^ 

il RppUances for Ihe ProjecMon 
SUdes:— 

rauelUng Apparatus: 
le-light latnp. 

lall electric arc latnp, the projecHon 
ng designed so as to fold up after 
ner of a Photographie catnera. 
atus for Cecture theatres: 
)f original conshnction loith Kefner- 
ch arc-lamp (Tia. 2). Ihe camera is 
th asbestos, is impcnetrable to light, 
ith dulled nidiel and presents an un- 
fleoant appearance. 
err camera toith projection head simi- 
Tig. 2. 

Hon Rpparatus for Colleges, 
the purposes spectfled under t, 2, 3 

if-Ught lamp. 

tau electric arc-lamp. 







Fig. l. 

HortionUl projecHon. 




Fig. 2. 
ProjecHon apptratui tar Uchirc thcatres. 
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3. Universal ProjtcKon Rpparahis. 

Apparatus loith prt 
applicaHon spedfled undcr 
Schuckert catn 
Camera of original construction. 



Apparatus loith projecHon-lens [Fig. 3) in sliding tube, aoaiUbte ftnr Hie modes of 
iHon spedfled undcr t \o S. 
a) Schuckert camera, see Fig. 3. 




Fig. 3. 

Schuckert ctmera »Uli Irvs li stlitaf tmte. 



Apparatus with projection-lens mounted on rotaMng guide rod, as shoum in Fig. t, 
Uknoise at)atlabU for me purposcs specifled under t to S and adapted for rapid dunges of the mode 
of applicaHon:-^ 

G) Schuckert camera. this camera is largelu used in phusical lechtre theahres, mounted as 

shoion in Fig. 4 on a long board fltted mim a sunk rail 
d) Cameraoforiginaldesign, matted and nidiel-plated and more elegant in appearance than c. 




Fig. 4. 

Utttwcrstt proJccHoi apptratuj «n s«le-pUtc »Uli oiiWdAcd ttlL 
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4. Special Inshiiments for ProjecHon on the Screen, at)aiUbie fbr the iUuminaHon of opNcai 

msbruments, e.9. gold-leaf electroscope, Jamin's interfercntial refractometer toith hoo glass troughs, 
one of lohtdi can be eoacuated, lleio ton*s lens on plane glass, direcNnision prisms and other appliances, 
together toith the necessary Stands. 

5. OpKcal Bendies for Dcmonstrating Physical £irperiments:^ 

a) SoU'pUte loith embedded rail (see Ti9.4). 

b) Small optical bench. 

c) Carge optical bench, see MüUer-PoutUet*s £ehrbuch der Physih, 9th edtt, 
Brunstoidi, publ. by Fr. Dietoeg & Sohn, t$9S. 

These opHcal bendies are fltted toith sty sUding riders. 

d) Demonstrating appliances for optical benches, made to fit the riders of ant| of 
the latter, e. g. parts of a simple mtcroscope, or polarizing apparatus wtth quartz toedge com- 
pensator, spectroscope, 9tc. 

6. Optical Bendl toith large Microscope. the microscope Stands on a slide tohidi can be 
moued longitudinallv and transnerselv so as to facilitate the rapid transition from the projection of 







Tig. 5. 

Rpparatus or mUrging in the darh-room. 

Untern slides to microscooe projection. These microscopes are, as a rule, equipped toith objectiues 
nade by Carl Zeiss, of Jena, nn aoparatus of this hind is set up in Cangenbech House in Berlin 
<nd is otoned by the Berlin Medical bociehi and used at their meetings. 

T. Special Rpparahis for Photographic £nlargements. 

a) Apparatus for enlargements in darh-rooms. Tio. 5. The parts included betioeen 
the luminants and the objectiue are encased to pret^ent dimision of light. The ma^niflcation 
can be oaried within loide limits (from t to 30] by shifting the screen, the objectioe or the 
luminant toith respect to the condenser and the Untern slide. 

b) Apparatus for enlarging in lighted rooms. All parts contained between the lumin- 
ant and the screen are guarded from evtraneous light. 

rhese enlargina cameras can be used toith äny form of luminant:-^!. Petroleum lamp; 2. lOels- 
^ich lamp; 3. iTrconium bumer; 4. lime-light bunter; 5. electric arc-lamp. Camps 3 to 5 necessitate 
(^ ose of Sheet metal cameras. 

•UAmUcs «ad Oflics. 9 
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5. Carl Zeiss, OpUcal lOorks, Jena. 

(See also SecHons 11, Vb, Vc, Ve and Vf.) 

Hppliances for ProjecHon and Photo-micrographii. 

üie firm of Carl Zeiss has, durino the last flfleen uears, beslotoed uiimiiitHiig attenHon 
the conshiicMon of appUances for photo-mkrooraphti and proJecHon. Vlanufachtrc W9s onginalli| con 
to photo-micrographic appUances, lohidi by sUghr modiflcaHons loere rendered aoailable fl^r Hie proje 
of microscopic objects. 

the increasino demand for simple appliances for Ihe projecHon of large himsparent objeds, Un 
sltdes, ftc, for Fhe purposes of dass demonslraHon led lo the comblnaHon or Hie hoo fbrnis o 
apparahis inlo one so as lo render tl Immedtalelv aoailable for macro-projec^ion on Ihe s< 
arter remooing the microscope. 

this apparatus was made in oarious forms and sixes, and was pnmarllu intended for illumin. 
hy transmitted light only. Subsequentl^ there arose a groioing demand for an efflcient proie 
apparatus for opaque objects by i neiden t light, tohidi in recent years has been saHsfied by m 
or reflectors instead of the usual electric lamp. Opaoue objects, of as mudi as 22 cm diameter. 
noio be projected upon screens seoeral metres atoau totthout Inconoenlent loss of light. Recenlti 
abooe apparatus has been rendered truly unioersal, t. e., it is adapted for the projection and photo« 
of microscopic objects and for the projection by inddentor transmitted light of targe ob 
by the application of episcopic Illumination. 

t. PtlotO'tnicrographic Rpparatus, aoallable both for mlcro- and maao-projecHon and tm 
scopic projection. 

2. Macro-projecHon Rpparatus for transmitted Ught, largest sixe, aoailable förplates t3xt 

3. £pidiascope wlth arrangement for micro-projection. 

4. Martens's Microscope for photographing and projectlng metallic spedmens, Ac. 
Descriptions and price-lists in 6erman, Frendi and Cnglish may be had free on application. 



e. Photographic Objectioes. 

t. C. P. 6oer2, Friedenau near Berlin. 

OpHcal lOorhs. 

Brauches in Tleto IJork, Paris, £ondon. (Paris: 22 rue de TCntrepöh) 

Mäher of Ptiotographic Rpparatus. 

Speciality: Ptiotographic Objectioes. 

(See aUo SectionVf.) 

t. R Series of Goerz's Double RuasKomats (nos.t to u). Fig. i and s. 6erman i 
Uo. 14,431. These lenses gained the Prussian Stafe 6old Medal, tS96. 

a) Series ni,T:T.T(nos.lto 15). Rapid Universal Objectioe for portraits,groups,instantai 
photographs of ah^eme rapidity, landscapes, ardiitecture and interiors, also for enlargeir 
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6emian patent Ho. T4,43T. 



Tig. J. 



hc objfctiocs of thts sertes are universal lenses in a x)cry toide sense. their füll aperture fumishcs 
ictent light for the requirements of instantaneous photography of ertreme rapidity et^en in duU 
ther, and at the same time cooers a plate area of 10'' toith Sharp deflnition up to the margin. 
e-angle photographs embracing an anale of 90*' can without difftcultu be taken with these same 
es appropriately stopped doton. the Double Rnastigmats of Serieslllsatisfii therefore the highest 
lirrments both outdoors and in the studio, and are aoailable for any mode of application. 

b) Series III, F:T.T (Dos. 16 to 22) in special mounts for hand-cameras. 

c) Series IV, T:U (Hos. 23 to 28). Rapid Copyino Cens. the Double Rnastigmat T:\\ \s 
primarily desianed for füll siie reproductions, and so applied cooers a plate hauing a length 
equal to double the focus with uniform sharpness up ro the edge, without curuature and 
astigmatism. 

d) Goerz's Tltw Double RnasKamat cnos. 50 to eo) Series ii. Raptdity r : 5. new formuia 
consisting of tu)0 symmetrical haloes eadi of lohidi is composed of two cemented and a Single 
lens. this objectioe yields a perfectly flat field without astigmatism and embracing an anale 
whidi is not equalled by any other lens of similar rapidity. the cemented lens constitufes 
a x)cry good sitigle landscape lens. 

. R Series (Hos. 29 to 34) of 6oerz-Rnschütz's Cameras (ßerman patent no. 49,919) for 
>us plate'Si2es (6V2X9, 9xt2, tlxücm and stereoscope size) as well as English plate-sizes. 





Sorri'Rnschfiti's camrra, 
closrd. 



Tig.4. 

6oeri-Rnschfiri*s camrra, 
opened, otno from the badi. 



his hand-camera is eitremely compact and completely equipped, and is aoailable for erposures down 
\m$ second. Fig. 3 and 4. 

atled description. illustrated by many interesting instantaneous photographs, 

may be had free on application. 
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3. 6oer2's PhotO-Stereo-binocular (no.95), eerman patent rio.tot.eos, betng a combinaHoB «r 
a) an opera-gUss magniftiing 3Vt Hmes, 
b);a field glass magniftiing 9Vt Hmes, 

c)'a Photographie camera for Single and stereoscopic time and instantaneous photographs 
on plates 4Vtx5 cm. 




# #' 






rig.6. 



i 
Fig. 5. 



the necessary dianges are made instantly and toithout unscreioing or detadiing any portion of thr 
apparatus. Fig. 5 and 6. 

4. Photographic IraoeUing Rpparatus (no.se). Uarious Chanoino Darh-sUdes (nossi ^ 
to40). Hand Enlarging Rpparatus tno.4i). üarious Sectorial Shutters tnos.:42to45). | 
Prisms toith^ObjecHoes cnos. 46 and 4T). £ight-fiUers (rios. 4s and 49). 



2. C. R. Steinheil Söhne, Wunidi, t iheresicnhohe. 

OpKcal and Rstronomical l9orlis. £stabUshed 1855. 

Proprietor: Dr. Rudolf SteinheiL 

(See also Sections M Vb and Vf.) 

OrthosUgmatic Eenses. 

Oerman patent no. SS,505.-^Frendi patent Ho. 34t,903.-'British patent no. t2,949. 
Rapid universal objectioes possessing spherical, diromatic and astigmatic corrections of a high degret. 
These objectiues include sif lenses forming tioo symmetrical haloes, eadi of vohidi consists of a 

Rositiue meniscus b enclosed betioeen a biconuer lens a and a biconcaoe tens c, either haoing a 
igher refractiue indey than b. the Sharp image embraces an angle of SO to W. 





Fig. 2. 
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Three series: t:6.S {TiqA), rormina orcellcnt unioersal obJecHt)es, adapted for all brandies of photo- 
raphi|; t : S embracing only the smaller siits and particularly adapted for hand-cameras, otoina \o \h€ 
ünness of thc Imses and the compact form of the objecttnes; r.to compristng large Itnses or 30 cm 
Kus and upioards only, specialis adapted for all brandies of modern process loork. 

£fhibits: 
t. OrthOSKgmaHc £fns \:B.Z mUd wWh Iris-diaphragm and neio unioersal shuHerBb behoeen 
the lenses. 

i, OrthOSKomatic £fns t;tO loUh accessories for process loork, ot2. Prism ibith reooloing collar 
and plano-parallel £ight-fiUer fiUing the lens and prism. Screen stops for autohipe toork. 

lele-photographic Objectives, 

consisHng of an ordinaru Photographie lens haoing a rapidity of about f/T in conjuncHon loith a ne- 
giKüe magnifying lens (Fig. 3). 

Ihc Position of the negatioe element toith respect to the positioe lens can be oaried hy means of 
a ratk and pinion mooement. this Instrument fumtshes ant| number of foci without mooing its po- 
sition. rhe camera evtension is considerabl^ less than that necessitated by a Photographie objecttoe 
haoing the required focus and used without a negatioe lens. 

Cfhibü: 

3. 6rOUp Rntiplanet with magnifying lens, both forming a tele-photographic lens. 



3. üoigtländer & Sohn, Omited. 

Brunsioicfc. 

(See also Section Vf.) 

Photographic ObjecHves. 

Porh'att Rnastigmatic Unsts f:4.5. 
Porh'ail £enses T:2.4 to T:3.i6. 
Porh'ait £un)scopes F:4.5. 
CoUinear £enses F:5.4 to F:6.3. 
CoUinear Censes F:t.t. 
CoUinear Censes F:i2.5. 
Iriple RnasHgmatic Censes F:6.s to F:t.t. 
Retiersing Prlsms, Plane Mirrors, äc 

4. Paul Waediter, Berlin-Friedenau. 

OpHcal and Mechanical l9orks. 

£stablistied 1812. 

(See also Section Vc.) 

t. Ceucograph, Ser.IIla no.t, tSSmm focus, u)ith wheel-diaphragms. 

2. ' ' no.la, 150 - - - iris-diaphragm. 

3, " ' Ho. 2. JIO - 
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4. Cnicograph, Ser.IIIa no.5, 250 mm focus, lolth Iris-dUphragm. 

5. - no.4, 340 . . - 

6. - - Ho. 5, 420 - - - 
T. - - Ho. 6. 540 - - - 
8. - no.T. 650 - - - 

9. ' - no.t 



to. - no.ta 

11. - no.2 



in detectioe mount totth helical focussing arrangemcnt and 
iris-diaphragm. 



12. R Pair Of teucographs, Ser. llla no.l, mounted together on an aluminium plate, forstereo- 
scopic Diews, with Joint focussing arrangemcnt and iris-diaphragm. 

13. Set of RnasHgmaKc ConuerKble £enses for tsxtscm piates. 

Darious Tolding Cameras. Kodaks fltted with Ccnses, uarious DetecHoe Mounts, Iris-diaphragms. &c. 



5. Carl £eiss, OpUcal Works, Jena. 

(See also SecHons II, Vb, Vc, Vd and Vf.) 

I. Photographic ObjecHves for General Use. 

rhe firm of Carl Zeiss took up the manufachtre of photooraphic lensts some hoeloe years aoo. 
At that time there wtre three types dominating the market, t)iz. the Pet2t)al portrait Uns, the aplanatic 
lenses and Single landscape lenses with front stops. Heyt to these should be menHoned the slotoer 
type ofSteinheiTs antiplanets, the so-called group-antiplanets. 

All these lenses were made either entirely from the cid glasses or from the new Jena olasses intro- 
duced in tSS6, mainly on account of their improoed durabiutii and transparencu. But all these lenses 
had one defect in common. lOhenever the angle of oision evceeded 50*" rhe older types gaoe euidence 
of either astigmatic aberration in a more or less marked degree, whidi was inoarlably the case when 
they were corrected spherically, or they were insufftciently corrected spherically, if, as rarety happened, 
they were corrected anastigmatically for anj^ considerable area. Ihis latter class of lenses comprised the 
onlu objectioe whidi required, for the realtzation of its formula, the new Jena glasses as essentialia 
ophcal constituents, oiz. H. Schroeder*s concentric lens, whidi originated at that Hme. 

Dissijmmehlcal Rnastigmatic Doublets. 

the improoements in Photographie lenses initiated by Dr. P. Rudolph and patented bu the firm of 
Carl Zeiss in 1890 consisted in the opposite relations of the refracttoe indices in the hoo members 
of a Photographie doublet, whereby Dr. Rudolph had enunciated a neu) prindple whidi prouided for 
the stmultaneous correction of the spherical aberrations and the anastigmatic aplaniiation of the field. 

this essentially dissymmeh^ical formula has subsequently been embodied in numerous series of 
widelu differing aperture and showing a gradually deoeloping approadi to a perfectly corrected Photo- 
graphie objectiue. 

the rapid lenses of this type, owing to their anastigmatic correction and great conering power, are 
auailable as wide-angle lenses. 

the same type was also developed into a true wide-angle Uns and was made to embrace angles 
eyceeding U0^ 
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Deoelopment of the Combination-lenses. 

lOUhin a uear after enunciaHno the anasHgmaNc principle, Dr. P.Rudolph applied i\ \o the im- 
prooement or Ihe landscape lens, rrealed as an element of (he combinaHon. 

These s€\s consisled, preoious \o the introduction of Ihe anasligmatic principle, almosl eyclusioely 
of aplanaHc halbes and emanated principally from Trance, this form of binary combinaHon was, how- 
mr, ill adapted for the spherical correction in oblique pencils, whilst the anastigmatic correction was 
HO better than that eyisting in the old doublets. 

the application of the anastigmatic principle considerablu modiRed these defects. Ihe Single lens 
of Scries Vi, computed in tS9t and placed upon the marher in tS93, was in a more or less marked 
degree free from astigmatism as well as distortion. General correction was carried a step further in 
Ihe formula of the Single lenses of Series VII, whidi were brouaht out in tS94. Ihese landscape 
lenses consist of four cemented lenses and are corrected spherically, diromatically and astigmaticaliy 
in su(h a manner as to be aoailable for combination into sets satisfying the highest requirements. 

The Planar. 

nie anastigmatic formula, though completely successful in its applicability to universal and wide- 
an^le lenses, did not satisfii the oery hiahest requirements of the finest process worh. 1t failed in 
this respect for the same reason whidi had ercluded the old symmetrical lenses from progress in this 
dirfction, inasmudi as the correction of spherical aberrations was not satisfactorily free from 2ones. 

To fill this gap Dr. Rudolph made a series of computations whidi, in tS96, culminated in the 
2eiss Planar, a nipe whidi is almost entirely free from zones and, at the same time, shows a re- 
markablv dost approadi to perfect applanation. 1t was, howeoer, not possible to cement all the lenses 
in dther component. this \s the ffrst instance of modern objectioes of German origin showing tight 
reflecHng surraces. 

these three principal tupes, as specified abooe, represent the creatioe adiieoements of the firm. In 
addiHon, we may refer to the manufacture, since IS93, of tele-photopraphic objectiues, consisting of 
PosiHoe and neoatioe components, a combination whidi had been onginated in IS51 by 1. Porro, of 
Paris, and twenni years later tahen up with energy by Ih. R. Dallmeyer, of £ondon. 

Tinally, we may mention the independent re-discooery of the anamorphotic formula of IS9T, the 
Rrs^ and practically most important part of whidi was, however, subsequently found to haoe been 
pa^ented by the Trendi optician £^on Tarrenc in tS62. 

HnasHgmatic Doublets. 

Series IIa, r.S. Objectioes for instantaneous erposures out of doors, also for portraits, groups, 
Undscapes and for copying. Originated in IS93. 9 foci from 90 to 433 mm. 





type of the rapid doublets. type of the slower doublets. 

Series II a. s lenses. Series III a and V. - 4 lenses. 

Series Illa, t:9. llnioersal and group lenses, also adapted for large portraits, interiors and copying. 
Originated in tS9l. 14 foci from TS to S20mm. 

Series W, t:ts. Uide-angle lenses for ardiitecture, interiors and photogrammetric worh. Originated 
in tS90. to foci from 40 to 390 mm. 
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ConoerHble HnasHgmats. 





Quartenury conoertibU RnasHgnut. 



Hrmisymmetricat comblnation anastlgmat, 
furnithing l toci. 




Series Vll, t : 1 1 and t : 12.5. Rapid siimU lenscs te 
tnstantaneous photography and landscapes. C!onocrHUe de- 
ment for anasHgmatic se\s. Originated in tS9$. 14 M 
from too \o 1 000 mm. 

Series Vll a, t : 6.3, t : T.O, t : T.T. Rapid objecHoes for loide- 
angle instantaneous photographs, portraits and groups, also 
for ardiitechire, landscapes and phorogrammehic photograplni. 
These objecHoes are composed of hoo lenses of me precediii^ 
group. 31 fod from 6t xo $95 mm. 

Series 1 a. Ihe Planar. t : 3.6 to t : 5. Rapid special ob- 
jecHt3es for enlaraino and projecHng, also for instantaneous 

' iraphy, porfrairs and groups. Originated in tS9T. tl 



type of the planar. 



'od from 20 lo 610 mm. 

lele-photographic Objtctioes. Zwo types are made, 
one being a rapid objectioe for portraits and landscapes, the 
other a sloioer toide-angle lens for ardiitechtral details. The 
htbe is Rlled toith an automatic iris-shuMer, and is graduated in terms of Ihe opHcal inlerüals. 

Ihe HnamorphotiC System, for the producNon of deRnite distortions, the ratios of distortion^ 
varying from 10:9 to 10:3. 

II. ObjecHues and Rujrilianj RppUances for Process Work. 

the construction of copying lenses has, from the first, been regarded as a difftcult deparhnent oioing 
to the accentuated requirements as to precision and loorhmanship imposed by their peculiar mode of 
application and their large size. 

the principal series of Dr.Rudolph*s formula haue been specialixed so as to render them auail- 
able for copyinp etdiinos and mezzotinrs. Among these cop^ing lenses toill be found representaHoes of 
the anastigmattc doublets, the conuertible anastigmats and the planars. the latter being f^ee from 
zones haue serued to realize an idea proposed by £. Det)ille, and thus to limit in the autonme process, 
by means of symmetrically perforated stops-'so-called coincident stops-', the loss of lighr resulting 
from the form of the screen. 

As adiunct*s for copying lenses loe mähe reoersing prisms loith siloered hupo- 
tenusal faces, the use of lohidi dates badi to Ch. Chevalier, and also strtctly 
plane and parallel light-filter troughs. 

III. ShuHers. 

the three forms of shutters manufactured by us are made to toork in the plane 
of the stop; the iris, lohidi opens from the cenh^e, seruing both as a shutter and 
lens-stop proper, this arrangement ensures the most fänourable conditions as to 
distribution of light obtatnable loith lens-shutters. 

Descriptions and price-lists in Trendi, 6erman and English may be had f^ee 

Rdjustable iris^httHtr. On application. 
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f. Kand-telescopes and lerrestrial lelescopes. 
t. C. P. 6oer£, Triedenau near Berlin. 

OpHcal lOorhs. 
Branches in Heto Dorh« Paris, Condon. (Paris: 22 rue de Vinhepöl) 

(See also Section Ve.) 

6oer2's Irihedron Binoculars (iios. eta \o h). eerman patent no. 104,343. 

Kepplerian lelescopes toith erecHng prisms, embradng a field of 40^ Rtted 
toith patent objectioes utelding images of orquisite deRnition, cleamess and ab- 
sence of colour. Magnifying powers: 3, 6, 9 and t2 diameters. 

Ihe field of oteio of these glasses (40'' absolute) ts not surpassed 

by any other glass. 

Detatied catalogues of C. P. 6oerz*s objects of manufacture may be had free 
on application at the Efhibition. 




2. IVl. Hensoldt & Söhne, Wetzlar. 

OpHcal lOorhs. 





Tig.u 



Tig. 3. 



SttreO'binocular, a field-glass of conoentent and pleasing form and possessing considerable 
^therino poioer, fitted with orthoscopic eyepieces of the terrestrial type and a patented form of 

focus objectioes, lohich eliminate the necessitu of separately focussing near and 
ant objects. these glasses are particularly adapted for military, marine, sporting and traoelUng 
ises. they magntfy T diameters. Tigs. t and 2. 

OpHcal Suroeying Pentagon for rapidly and accurately measuring and setting ofT angles of 
id tS(r. 
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3. Pentaprism Binocular. Tigs. 3 and 4. Rn enHrelv neio conshitcHon, patented in nunm cou»- 
tries. Ihe opHcal part consists of a binary objectiue of great light-gatherina poioer and a Short ashro- 
nomical eutpiece, betwetn tohtdi is placed a prismaMc combination. the tonole of the opHcal parb is 
made of tne purest and best glasses, accuratf ly ground and poUshed. Ihe tubes are adiustable to suit 
the distance behoeen the user*s eyes. Ihe eyepiece can be adiusted so as to fuUi| uttliie Ihe oisuai 
poioer of eadi eye. Ho re-adjustment is reouired after once adjusting the distance betioecn the tubes 
and fonissing the eyepteces for sufRctently distant objects. 

Ihe jpentaprism binocular magniRes T ttmes and the obiectioe has an aperture of aboutMmn. the 
linear neld of oieio embraces 91 per 1000 m. Its loeight xs 395 g. 

4. OpHcal Parts for Scientific Instruments. lelescope objectioes, terrestrial and 
astronomical eyepieces of an original type, prisms, &c. 



cmcmcmemememememememcmcmcmcmcmcmcmcmcmcmcmcmememomcmm 




3. C. R. Steinheil Söhne, 

Wunidi, T Iheresicnhöhe. 

Optical and Hstronomical lOorks. Established tSSS. 

Proprietor: Dr. Rudolf SteinheiL 

(See also Sections II, Vb and Ve.) 

Hand-telescopes and lerreslrial lelescopes. 
I. Draui-telescopts:-^ 

a) Of considerable magnifying power, fitted 
toith a double objectioe and ordinary terrestrial eye- 
piece BD. 

6yhibits: Drato-telescope loith tree-screio, 
mounted on folding tripod stand ofioood. (Thetree- 
screio is aoailable for use toith and loithout the stand.) 
Drato-telescope mounted in tnronzed brass and 
fitted with a sun-shade. Suitabte for decr-stalking. 
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b) Of considerable Ughhgatherina power (night-telescopes), fitted loUh triple objeclwc 
aiul aduromaNc terrestrial eytpieces BF. 

£fhibil: Draio-telescope totth a stnall folding table-stand. 

Testrial Iflescope tOith Stand, as shoton in the iUushraHon, fined with a double objecHoe 
rdinary terreshrial eyepiece BD. Ihe telescope bodu is cased in mahogany. Tocussing is facilitated 
radi and pinion mouement. the stand conststs or an iron table tripod and a brass column, and 
lescope is dtrected by hand horiiontallii and ocrHcalltf, the column being adjuslable in height 
rontded wtlh a clamp. 



4. Doigtländer & Sohn. 

£imited.-^6runsitii(h. 
(See also SecHon Ve.) 

lelescopes. 

Galilean Binoculars, Tield, Race and Opera eiasses. 

night l^arine Glasses (as suppUed lo IheGermannaov). 

rerrestrial BinoCUlars milh variable powers (Biese*s 
System). 

Prism-binoculars. 

I^arine lelescopes. 

DratO'telescopes for tourists. 

Stand-telescopes, aperture up to 4". 

Riße lelescopes of highest Ught-gathering power. 





5. Carl Zeiss, Optical Works, Jena. 

(See also Sections II, Vb, Vc, Vd and Ve.) 



lerrestrial lelescopes. 



manufacture of terrestrial lelescopes was taken up by the Rrm in tS94, when the principle of 
's erecting prisms was applied to the construction of a new form of terrestrial telescope. 
ro's discooery dates from the middle of this Century, but it subsequently sanh into oblioion. 
means an astronomical telescope can be made to yield erect images and is thereby conoerted 
terrestrial telescope. A hand-telescope conshiicted on this plan is not subject to the obiection- 
itures of the 6aliiean telescope, and at the same time the snorteninc| of the tube-lenqth nas the 
f reducina in an ertraordinary deoree the usual dimensions of the Instrument. Besides taking 
santage or the optical resources or this prism combination in the construction of superior terres- 
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trial telescopes, the firm has fiirther deoeloped \h€ possibüiHes resutHng firom Hie appUcation of 
Porro's pnsms in the conshiicHon of nno bmoculars, b^ inaeasing tht normal inter-ocuiar distance 
of Hie objecHoes and therebu gahiing, after the tele-stereoscopic pnncipke of Herschel and Keim- 
hoU2, an increase in the poioer of appreciaHng differences of distance and an enhanced stereoscopic 
effech Binocular telescopes constructed on this principle render differences of depHi in space apparen^ 
a\ a giuen magntRcaHon toith a degree of disnnchiess tohidi is on\y aHainable in an ordtnary bin- 
ocular of considerably grealer magntn^ing poioer and Iherefore haoing a mudi smaller fleld of man. 

this tele-stereoscopic principle has been embodied in all Zeiss binoculars. Ihe so-called "'Tifld- 
Qlasses*' emulate the form of the ordinaru binocular and increase Hie stereoscopic efTecl of nahiral 
binocular oision in the proportion of t'/4:l ro 2:1. In Ihe case of stereo hand-lelescopes, Hie obiecHocs 

are respecHoelu $ Hmes and Sy, Umts 
fiirther aparl Inan Ihe eyes, and in ^he 
stand binoculars this raHo is 9 and 
eoen 32. Ihe binocular lelescopes be- 
longing to this latter category shou wr^ 
disfanf objects in solid ouHines and 
in their hiie relaNoe posiHon one be- 
hind the other. 

Ihe tele-stereoscopic principle has für- 
ther been embodied in the construcHon 
of the so'calied stereo-telemeter as a- 
hibited by this firm among the opHcal 
measuring inshiiments. See secHonVb. 

I. Stand'telescopes. 

A. monocular Stand-tdescopes 

rReooloer telescopes, Tig.t) flHed loith 
Amici-Abbe erecHno prisms and für- 
nishing three magni/ying poioers (bi| 
means of three euepieces mounted ona 
reooloing collar). the telescope is heldbu 
a metal frame mounted onaioooden stand. 
Ihere are hoo modeis magnih|ing 12, U, 
24 and 12, 2S, 40 Hmes respecHoely. 

B. Binocular Stand-telescopes, 

haoing their objectioes at a considerable 
distance apart, supported by a metal 
frame mounted on a toooden stand. 

a) Uith Porro*s erectina prisms and 
hinged at the centre (Hinged Stereo 
Stand-telescope, Tip. 2). ttoo modeis 
both hauing an tntra-objecHoe dis- 
tance of 510 mm, one magnifying 15, 
the other 10 and IS Hmes ijy hoo pairs 
of eyepieces mounted on reoolners. 

b) Rigid Horizontal "Beam** Standtele- 
scope fitted with terrestrial eyepieces, 
witn obiecHoes 2000 mm apart and 
magnifytng 20 Hmes t^ig. 9). 

A detailed description of the telescopes specified under 1, A and B, will be found in our CataloQue 
of *'neu) binocular and monocular Stand-telescopes," tohidi may be had free on applicaHon in eimer 
Trendi, English or 6erman. 

II. Hand-telescopes. 

A. Monoculars fitted toith Porro*s erecting prisms. 

t. yielding one magnih|ing pouier. Seoen siies magnifuitm respectioely from 4 to 12 Hmes. 
2. yielding hoo magnifying powers, 5 and 10, and ntted for this purpose u)ith two eyepieces 
mounted on reooloers. 



Tig.l. 

Reoolorr telescope, 
magni^iiing 12. St and 40 Hmes. 



Tig. 2. 

Hinged Stereo stand- 
telescope showing the 
telescopes fotded upwards. 
magnirying IS times. 




Horifontal beam stand-telescope, nugnirying 20 times. 
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Fig. 4. 

Tield-gUss, magnirning 6 Hmes. 



Fig. 5. 



Dav »4 niaht marine binocutar, 
magniriiing t and lo Hmrs. 



B. Binoculars toith increased inhra-objecHt)e distance and fiHed toith Porro*s erecHng prisms. 

a) Field-glasses (Fig. 4). 

t. Hielding one maonification otily. Seoen sizes hauina thfir obiecttDfs front tl5 to 130 mm 

apart and maantfying 4 to t2 hmes resprcHDely. thrir lighr-transmitting power oaries 

according \o me purpose for lohidi \htu are desioned. 
2. Hielding hoo magniRcations, S and tO, being fitted loith hoo pairs of eyepieces mounted 

on reooloers, hnown as ''Day and night Marine Binoculars" (Fig. 5). the distance 

behoeen the objectiues is t30mm. 

b) Stereo-teIescopes(Fig.6). 
Tino sizes haoing intra- 
objectioe distances of 
340 and 430 mm and 
magnifying S and tO 
times respectiuely. 

R detailed description of the 
^rlescopes spedfied under II, A 
and B, will be found in our 
Catalogue of ''Portable Zeiss 
BinocuUrs and Stand-telescopes/* 
lohidi may be had free on applic- 
ation in either Frendi, english or Fig. 6. 

6ennail. PorUble skreo-teUscopr. Shoton tolth outstrrttfied arms. Magnirying t Hmes. 




g. Crystalloptics, RppUances for Demonstrating and Obseroing 

the Phenomena of Oght. 

t. R. Brunn^e (late üoigt & Hodigesang), ßöttingen. 

Makfr of Crystalloptical Instruments and Preparer of l^icroscopic Camina of Rocks, 

Minrrals, Fossils, &c. 

(See also Section I.) 

t. Carge l^icrOSCOpe Ho.tA, as designed bv Prof. C. Klein, for mineralogical and petro- 
logical research. uiis Instrument satisfies in eoeru respect the most adnanced requirements and 
is spectallu adapted for flne measurements in parallel polarized and in connergent light. the circle 
is made or nidielin, dinided into V2 degrees and reads by a oernier to r. Ihe Bertrand lens is 
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adjustable by a radi and pinion mooement toith resprct \o Hie objecHoe and eutpiece so as to retidcr 
\ht interferential cürves snarplu adjustable miih any obJecNue and eyepiece. the light can be stopped 
doton by means of an iris-dtapnragm for the better eraminahon of small mineral Uminae. Ihe polar- 
iier is prooided loith an arrangement for quidilu passing from parallel polariied to conoergent light, 
and anorher polarizer toith large Hicol prism and a sei of lenses is supplied loiHi Hie microscope for 
oery conoergent lighh 

the preparalions can be seardied and measured syslemaNcallu loilh Ihe aid of a conered Compound 
prismaltc mooemenl (D.R.6.M. Ho. 69,S6S), lohidi notohere obsrructs or darkens Ihe praduaHons on 
the circle, lohilst the prisms themseloes, being thoroughly protected from dust and injuni, are not 
apt to get out of order. 

the equtpment of the microscope includes objectines Tios, 9, S, T, 4, 3, t, 00, an objectioe of 1.52 
numer. aperture, eyepieces Tlos. t, 2, 3, 4, Bertrandeyepieces, compensating eyepiece, screui micro- 
meter euepiece, quartz wedges of the I. to III. order, penumbra polarizer, quartz selenite and mica films, 
and a untoersal Rotator combining the features of Klein s and Fedorou)*s designs. 

2. VlkroSCOüC no. 3 A. this is a simple inshitment whidi sufRces for all ordinary tnoesttgations 
in parallel polarlzed and conoergent light. the drcle is dinided into 360^ and reads by a nemier lü 
Vio • the polarizer is fitted uiith a rapid lens-dunger. the tube is without a draw and contains a 
Bertrand lens and a mouable and rotating flicol prism. the microscope outfit includes objecthxs 
Hos. T, 4, 2, eyepieces 2, 3, 4, a quartz wedge, selenite, qiurtz and mica films. 

3. I^icroscope of EnglishForm, own design. Both nicol prisms are tumed by tooth-wheds 
mounted in spring-bearings. the tooth-wheel is surmounted bu a circle dioided into 360^ reading to 
Vio"" hy a oernier. the dräw-hibe is Rtted with a Bertrand lens and is adjustable by a radi and 

Einion mooement. the condenser lenses are independent of the rotation of the nicol prisms and an ; 
e raised and lowered by a screu). the stage is Rtted with means for quidily dunging the Illumination, 
the medunical stage can readily be detadied. the optical equipment includes objectioes Tlos. 9, T, 4 
and 2, eyepieces l, 2, 3 and 4, quartz wedge, selenite and mica fiims. 

4. CoUecHon of 347 £aminated StcHons of the Principal lypes of Rocks, seiected ac- 

cordingto H. Rosenbusch*s Mihroskopische Physiographie der massigen 6esteine, )rd 
edition. 

this collection includes the principal groups of eruptioe rodis and especially types idenHfied during 
recent years. the preparation of these rodis is due to the hindness of Messrs. Brdgaer, Chelius, 
Diller, Hibsch, oon Kraatz-Koschlau, Osann, Ramsay, Rosenbusch. ProrRosenbusch 
has moreooer hindly compiled and oerified the laminations. 

5. Collection of tts Caminated Sections of Petrographicallu Important IVlinerals, as 

compiled by Prof. C. Klein and prepared and cleft in sudi a manner as to clearly indicate the crystallo- 
graphic form of the preparation. 

6. n Series of Carge Caminations of Interesting Silicious lOoods, as prepared for Prof 

Count zu SolmS'£aubach. 

7. Chemical V^icroscope, constructed according to the suggesttons of Prof. 0. Cehmann and 
aoailable for obseruation at white heatand for elech'olysis. 6yperiments at white heat are made 
u)ith the aid of a double cased objectiue whidi is traoersed bu a continuous stream of cold uiater. the 



blow-pipe flame passes through an asbestos tube inserted into the opening of the microscope stage. 
the preparation ts placed upon a small object-slide (lOxtOmm) resting upon a separate object-stage, 
u)hidi is manipulated on the microscope stage lihe an ordinary object-slide. this small stage is fitted 
with four fine platinum points whidi support the small sUde so as to conduct as little heat as possible 
to the loose stage.^Electrolytic erperiments are lihewtse performed u)ith the aid of a loose stage 
u)hidi slides upon the microscope stage lihe an ordinary slide. the electrolytic staae is fitted with hoo 
ebonite cups and platinum elech'odes. the mercury cups are connected with two other fiied cups form- 
ing the terminals of a small battery. Polarization is effected by means of hoo mirrors, tohereas the 
illumtnating mirror can be rotated so as to rapidly diange the Illumination, the bumer is attadied 
to the horse-shoe foot and can be turned aside. the admission of gas and air is regulated by hoo 
screw-ualues. two blow-tubes can be attadied to the stage so as to rapidly cool the objecHne or pre- 
paration. the optical equipment includes objectioes no. l, 4 and 3, eyepieces 2, 3 and 4, selenite and 
mica films. 
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2. R. Tuess, late J. 6, ßreiner jr. & ßeissler, 

Sfeglitz near Berlin, T/S Düntherstr. 
I^echanical and OpHcal lOorhs. 

(See also SecHons III a, IV, Vb and Vd.) 

1. Films and Prq)araHons of Crystals. 

2. RrflecHng Goniometer, l^lodel IVa. Cooered circle tocm in dtameter diDided into Vs^ read- 
I \o V by 3 oemiers, one eyepiece and b3ebsky*s slih Ihe centreing and adjusHng appltances are 
lable of mooement mithin loide limits. (C. £eiss. Die opHsdien Instrumente, &c., p. t2T.) 

3. ReflecHng 6oniometfr, l^lodel II, on tripod with leoelling screws. Ihe limb is cooered and 
}ided on siloer into V4 degrees. the alhidada reads to 30' by 2 vemiers. the telescope mooes loith 
i alhidada and can be clamped. the slit collimator is stationär^. Ihe instrument is equipped loith 
niepieces and 4 Signals. (C. £eiss, ibid., p.tt9.) 

4. netO Polariling HpparahtS, toith lens of wide aperture. (C. £eiss, ibid., p.tST.) 

5. Rdonometfr loith new telescope capable of transition, during Observation, from reductions of 4 
magniflcations of4, assuggested by 6. A.l9ülfing (H. Jahrb. f. Mineralogie, SuppI.tSSS. XII. p.405). 

6. Carge IVlicroSCOpe, V^Odel VI, toith jointly mooing nicols, reooloing and mooable stage, throio- 
i^hibe and eyepiece Hicols, adjustable analyzing and polarizing Hicols, and objectioe dunger. (C. £eiss, 
id.,p.t99.) 

T. nicroscope, IVlodel III a, toith eftra large Reld of oieio. (C. £eiss, ibid., p.tst.) 

$. netO Rotating 6ears of oarious hinds suggested by Klein, oon Tedoroto and others. 
Iteiss, ibid., p.23t.) 

9. Reto Dichroscopes. (C. £eiss, ibid., p.tis.) 



3. 6ustaü Halle, RUdorf near Berlin, 53 Hermannstr. 

maker of Scientific and ledinical Instruments of Precision. 

(See also SectionsVb, Vc and X.) 

t. Demonstration Hand-microscope for Petrological Purposes. this Instrument is partim 

ide of aluminium in order to, as far as possible, reduce the weight and facilitate its transmission 
m hand to band during lectures. Ihe tube-analyzer can be drawn in and out and turned 90^. Be- 
cen this analyzer and tne obiectioe, the tube is prooided u)ith a slit for the auf iliani mineral plates 
( phase mica and selenite fiims, Red I. order). the object-stage is made to reooloe and is dioided 
ro sitwle degrees, the polarizer sitdes up and down and mau be turned 4S^ In addition to objectioes 
2 anil 4, the microscope is supplied u)ith a lens for ai ial images Rtted with condenser, together 
th a corresponding lens in adjustable mount to rest on the eyepiece. 

2. Universal Hand 6rinding Rpparatus for preparlng accurately orientated laminae of crystals, 
^ed loith transparent object-carrier and an accessory for small objects. 

3. Improoed Dichroscope (6. Halle and Cathrein*s new form). 

4. Hand-apparatus for Demonstrating Double Refraction. 

5. rhidiness-micrometer, as described in the Zeitsdlr. f. Instrumentenkunde, OctoberlS96. See 
. an D. t44. the oalues are read off directly in O.ooi mm bu a powerful microscope with the aid of 

octtur nemier and a transparent glass scale (0.0 t mm) illuminated from the badi. lOithout metal 
le, loithout fllar micrometer. (Registered.) 
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6. Ihichness-micrometfr for Controlling Rectangular Prisms (arter Uoigtiänder-Ha 

the oalufs art read off \o loithtn ts seconds of the arc by means of an ocular scale sthiated u 
the reading mtcroscope. the tUumtnation from the badi fiimishes a untformly white field lohtdi s 
in Sharp contrast the intensely bladi lines of the scale as toell as the eftremely fine point o 
gauging let)er. (Registered.) 

7. Spheroscope, or Hpparahis for Gauging Cun^es after UoigtiänderHaiie, for 
comparison of lenses of ani| si2e or curuature. uie reading microscope is fitted with an ei^i 
scale, and by its means the radial difTerences can be accurately determined mithin 20 seconds c 
arc. Ihe oscillations of an ef tremely Rne gauge indei are shoion with er quisite sharpness on a 
field illuminated from the badi. Ihe instrument is supplied loith four measuring rings at least 
any number of rings of special diameter can be adapted to the inshiiment. Iheir price naries 
their siie. (Registered.) 
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4. üalentin Onhoff, IVlunidx, 42 ßoethestr. 

Philosophical Instrument Mäher. 

t. ReflectinQ Goniometer toith oertical diDided circle. ihe teiescope is parallel to the 
of the dioided ctrcle and points to the ai is of rotation. 1t is fitted with an adjustable cenh^eing 
and a definite point of the Signal can be made to coincide loith the cenhre of the cross-lines. 

2. Reßecting Goniometer toith horizontal dioided circle, ttoo teiescopes, coiumator 
Uebshy's slit and tioo micrometer adjustments. the goniometer is mounted on a stout column 
to ensure absolutely unimpeded rotation of the circle and adjustability, in any position of the ci 
ing stage. 

these inshiiments are adapted for the same Operations as Tuess's goniometers. Although, natu 
second to the latter in poinr of eractness, yet, by reason of their simplicitv, they are adapted foi 
uenient and accurate working. (See 6roth's Physikalisdie Krvstalloptik, tS9S, pp.626 and 641.; 
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5. Wilhelm Siedentopf, Würzburg. 

Nechanician to the Royal Untorrsih) of lOür^burg. 

naher of Physical and Physiological Instruments of Precision. 

(See also Section VI.) 



Prof. Dr. L2ehnder's Inter- 
ferential Refractor. 

Die apparahis as shoton in Hie 
tUustration is fiiUy described in 
the Zeitschrift für Instrumenten- 
hunde tt. P.2T5. tS9t. 
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6. Dr. Steeg & Reuter, Homburg ü.d.H. (Bad Homburg). 

Optical Institute. Established 1855. 

6old Medal: naples ISTO. Siloer Medal: Moscou) tST2. Progress Nedal: Uienna tST9. 

Diplomas: 6ra2 ISSO and Franhfort-on-the-Flain tSSt. 6oId Medals: Uienna ISS3, Anhoerp tSSS. 

Diploma and 6old Medal: Brüssels tSSS. Diploma and Gold Medal: Chicago tS93. 

(See also Section Vb.) 

R CoUection of about 370 fllms of natural and artificial crystals for studying the 
optical properties of crystallized bodies in polarized light, in mahogany case. 

Ihis collection enibraces:-'Tilms of uniafial crustals, around at right angles to the aiis, with posi- 
tioe and negative double refraction. Tilms of biai ial crystals, tieft at right angles to the acute bisectrir 
or othenoise. Tilms of substances producing circular polarization. Plafes of crystals u)ith embeddings. 
Iwin-plate consisting of uniaiial and biai ial crystals. Plates and parallelepipeda of {ileodiroitic crystals. 
Films of substances gioing rise to abnormal double refraction. Preparations of animal and negetable 
substances acting on polarued lioht. Mica combinations after norremberg and Keusch. Tinalli|, some 
of the most important accessor(es for inuestigations on polariied light, sudi as retarding fllms, wedges, 
coloured glasses, &c. 
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VI. eiectrical IVleasuring Instruments for 
Scientific Purposes. 

4k 

t. Hartmann & Braun, Frankfort-on-the-lVlain. 

Mahrrs of £ltctrical Vleasuring Instruments. 

(Ser also SrcHon IV.) 

the factoni was established in tST9 a\ Wünbura and transferrrd \o Frankfort-on-the-Flain in tll4. 
the establishment undrrtahes \he construcHon and manufachire of all instruments required for enc\ 
electrical mrasurements, compU te equipments of scienlific and tedinical laboratorirs, staHonaru as well 
as portable, and also the manufachire of commercial electrical instruments, of whidi up to the end o( 
tS99 some S0,000 haoe been supplied, adapted for potentiats up to 30,000 ootts and currents up \o 
20,000 amph'es. 

A special department is reseroed for the preparation of materials for the safe wirino of dweltin^. 

the firm possesses physical laboratories for the prelimtnaru inoestigations preceding the construchon 
of new Instruments and for testtng and standardiiing scientific measuring Instruments. 

Separate laboratories haoe been established for standardi2ing commercial Instruments, last year's Output 
amounting to 20,000 amph^emeters, ooltmeters, Wattmeters, ohmmeters and consumption registers. 

Messrs. Hartmann & Braun haue been the recipients of the highest awards on oarious inter- 
national eyhibitions. 
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1. Standard Resistance Coils arter \he modeis of the imperial Phnsical and tedinical InsHhtte, 
or 0.1, t, 10, tOO, 1,000, 10,000 and 100,000 ohms (Tirm^s catalogue Ho. 553). 

2. Standard Resistance Coils, for Urge currents, of 0.0 t and 0.00 t ohms (Tirm's catalogue 
Hos. 553 and 554). 

3. Standard CellS of the CUrk type, modified by Kahle, and in laeslon's form (Tirm'scala- 
logue no. 55t). 

4. Resistance Bofes toith Plug Connection, or oarious ranges rrom 0.0t lo tO,000 ohms. Tig. t. 
These bores were flrsl introduced by Messrs. Siemens & Halske, but Ihe erhibilors haue added 

seoeral improvemenls some of lohidi haue become hjpical. 

In Ihe place of the grouping usually adopted in sels or^weighls Ihe foUotoing series has been introduced:-' 
0.0t O.t 0.2 0.3 0.4 and O.t t t 3 3 4 

12 3 4 tO 20 30 40 

tO 20 30 40 &C. tOO 200 300 400 &C. 

Eadi blodi being Rtted at the side totth plug bindtng scretos for shunttng, this sertes renders the 
bor aoailable for self-comparison toith the smallest number of plugresistances, e. o. l mau be compared 
u)ith t, t+t with 2, t+2 u)ith 3, &c. In addition, the beginntng and end of eam resistance are not 
joined to the same connection, as rormerly, but are eadi connected separately, hence the sum of the in- 
diDidually measured resistances is equal to the resistances measured in the aggregate. Ihe plugs are 
moreouer of a deeper form; they require, it is hiie, more accurate Rtting but are more readily ertracted 
and do not so easily become lodied in consequence or dianges of temperature. the ebonite handles 
are conoeniently shaped and rused on to the metal; they are so arranged as to oboiate the production 
of thermo-currents at the plug contacts. In other respects the requirements or the Imperial Physical 
and ledinical Institute haoe been roUowed. 

5. Cord Keloin's Multi-cellular ÜOltmeters (no.595), ror low potentials, reading to maiima 
of 85 to 500 uolts and fitted u)ith a larger or smaller number or cells. Ihey haue been modiRed so as 
toharmoniie u)ith other measuring inshiiments designed for industrial use. the h'oublesome oil- 




Fig. 2. 
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damper of \he original itistnimetit has been rqilaced bu an efRdent copper damper. thesc inslrument-s 
are parHcuUrlii usefiil for measuring potenNals at disfant points, e.a. the feeding points of a loiddv 
rammed System of cabkes, since the resistance of the feeder conducnng loires need not be taken into 
consideraNon. * 

6. Statte Uoltmeter (no. 594) for crtremelii high potenHals. Ihe Instrument is adjusted for 
1 0,000 oolts and consists essentialia of hoo plates receioing similar diarges, one plate being mooablr 
so as to be repelled, lohilst at the same time it is attracted bi^ a Ryed plate connected loith the othcr 
pole. Ihe small movement is transmitted by a leoer to a pointer. the distance behoeen the Rird 
plates can be oaried so that the inshiiment can be adjusted for any ooltage or scale. All metallic paits 
are enclosed in a casing of highly insulating material so as to eliminate bodily risks. 

7. Small Pointer 6aloanometer (no. 366) with bell-magnet suspended by a cocoon flbre, uith 
dead-beat action and biRlarly wound multiplier, with reliable arrester for transport and conocnimt 
means for rapid adjustment. 

8. Telescope 6aloanometfr with aperiodically damped bell-magnet and astatiiing magnet(no.36Ta). 
the bifllarly wound multipliers can be displaced so as to oary the sensitioeness while the resistance 
may or may not be oaried. the deflections are read by a mirror and small telescope on a scale pUced 
35 cm amay. the inshiiment gioes accurate readings; it is compact and portable and can be seUp 
in a feu) seconds. the sensitiueness of the Instrument, when non-astatic, oaries from 9 to Sxto-iani' 
ptrts per dioision according to the resistance of the coils. Tig. 2. 

9. Earge Hperiodic Reflecting Gatoanometfr (no. 311). this Inshument embraces the combined 
adoantages of biemens*s bell-magnet, I9iedemann*s mooable multipliers with BecquerePs wind- 
ing, astatiiation by a Braun's soft iron screen-ring and oarious other appropriate medunical deoices. 
the sensitiueness, irrespectiue of astatization, corresponding to a deflection of t mm at a scate-dtstanc^ 
of l m uaries from S to 2xio-* ampä'es, according to the resistance. 

the bell-maonet is considerablu reduced in siit and modiRed in shape so as to carru TS times i^ 
oum weight. the substance of tne copper used in the damper has also been considerablu diminisK^^ 
u)ithout prejudice to the aperiodicity of the inshiiment. Bu these modiRcations the windings hs^^ 
been made to approadi the poles of the magnet, and the sensitioeness has been increased corresponding^^: 

the Screening ring is made in two parts in order to obuiate polaritu by dunging the mufU^^ 

ßosition of the parts. the mirror is appropriately mounted and a conuentent deuice is prouided f^^ 
iauy*s rod. tig. 3. 

10. Rstatic Reflecting öaloanometer toith üertical Magnets (no. 312). the magnetic systrr^ 
consists of tu)o oerticat needles coupled dose together, as used du Ueiss in a later deuice, and po^' 
stssts similar aduantages as the bell-magnet, being besides eycellently adapted for astatiiation. ü^^ 
System is suspended by a qiurtz fibre capable of adjustment in its length. the tohole Instrument i^ 
desioned in sudi a manner that the oertical magnetic couple can be immediatety enhanged forathomso^ 
or Rubens astatic magnetic System. It is particularly adapted for cable work. the sensitiuenes^ 
when beating 10 seconds with a resistance of 3,000 ohms is 2.5xto— • ampä'es per t mm deflection »t 
a scale-distance of t m. 

Galvanometer uiith fired magnets. Hartmann & Braun were the flrst to recogntae the 
aduantages of the principle of the mooable cotl within a Ried permanent magnetic fletd as flrst applied 
in thomson*s syphon recorder and adapted by Deprei and d*Arsonual to the construction of 
galuanometers. the deoelopment of that pnnctple has led to the conshiiction of "Precision Voltmeters" 
and "Precision ampä'emeters** designed for industrial purposes and fitted with piuoted needles; more- 
ouer, bu flner arranaements for the Suspension and connection uiith the circuit, also by an tmproued 
form of coli and berter intensitu of the magnetic field, a degree of sensitiueness has been obtained 
whidi is othenoise not realiiable ercept with troublesome astatic galoanometers; and, nnally, uarious 
medunical improuements haue been mhroduced so as to considerably ertend the applicabiUty of the 
fnshiiments. Fig. 4. 

tt. Pointer 6alt)anometer with mouable coil (no. 336a) and piuoted System. A deflecHon of r 
reads O.OOOOOT ampä'e. 

12. Portable Precision l^lilUooltmeter (no.OOt), with piuoted needles, circuit resistances for 
high Potentials and shunt resistances for uery large currents. 

13. Stationär^ Uolt and Rmmeter for Uboratory use, uiith coil suspended by a narrow shrip 
(no. 330). Potentials and currents are measured almost concurrently, the Instrument being prouided 
with three ranges and means for rapid dunging, the mouable System can be securely clamped for 
transport. Fig. 3. 
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14. ReflecHng 6atoanometer, readily conocrHble Into 4 balltsHc inshiitncnt rna.55Sa) bi^ aller 
ing the momenhim of inertia. the moDable coil contains Hdo uiinding^t onc of high, thf orttfr «f 
low resistance, one of the coils bring short-circuited or closf d by a rhfOsUt so as to rtndn tht d€%m 
of damping adjustable. Ihe sensiHocness is tinin = 9xio-t« amp^rcs at a scalc-dtstancr of tm. 



V4 fuü 5ijf. 




Tig.4. 



74 fuH siie. 





Tig. 6. 

15. T. Kohlrausch's ReflecHng Clectro-dtjnamometer for lOeak Currents (no.sis). 
Ihe current enters the mouabte coil bi^ the thin Suspension toire and leaoes bt| a platinum oane im- 
mersed in dilute sulphuric acid and seroing as a damper. Ihe Instrument is sufRcientlv sensitive to 
demonstrate telephone currents. 
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Pointer 6lectro-dt)namometer for Carger Currents tno. 53t). r stationary obUqueiti mounted 

1 \s made \o act upon a mooable pair of flat coils, the shape of tohidi is sudi that one coil 
toioards the strongest, the other toioards the loeahest Reld. Ine System is astatic and fumishes 
ost uniform scale. Self-induction is ertremelti slight, and there is scarcely ant| mutual induc- 
tioeen the Rred and mouable coils, the instrument is therefore anailable for altemating circuits 
insiderable phase displacement. Ihe instrument has an almost perfectlti aperiodic pneumatic 
9 deuice. Fig. 6. 

Direct-reading lOathneter for Continuous and RUematin^ Currents (no.eto), weil 
, with almost uniform scale and constructed after the same princtple as the preceding instru- 
Ihe stationary coil is wound for currents up to 1,000 
;, and the instrument is rendered auailable for the 
Potentials by circuit resistances. 1t can also be used 
ree-phase currents with uniformly loaded and uniformly 
d pnases. 

Uire Dolt and Rmp^remeters. Ihe slight elong- 
rising in a Short measuring wire of platinum siluer 
lien current is passed through it, is transmitted to the 
alle through a wire attadied at one end to the mea- 
lohre and taken round a puUeu mounted on the pointer 
iie other end of this wire being held in tension by a 

Fleans are prooided to reaulate the tension of the mea- 
loire and to compensate for ertemal temperature uari- 
In Rmmeters the current is made to enter the measur- 
e at seoeral points by means of flerible siluer strips 
) reduce the loss of potential as far as possible. Ine 
:nts of the pointer are aperiodic. Ihe measurina wire 
ry three times the mai imum current for whidi the in- 
it is calibrated without damage. These instruments 

the aduantage of being directly auailable for both 
3US and altemating currents and are made either in 
n of ordinary tedinical measuring instruments or as 

control instruments or self-recorders. Rbout 20,000 
: instruments are in practical use. Tig. 7. 

Portable Dead-beat Hot Wire Rmpä'emeter 
lal, with measuring ranges within 0.3 to 20,000 ampä^es 
fety fuse aaainst ouerloading. R special arrangement 
ded for making the interuals almost perfectly uniform. 

Stationani Hot Wire Rmpä'emeter (no. 59$), 

ansformers, the Saturation of whidi protects the wire 
sion due to ooerheating. this instrument is erdusiuely 
e for altemating currents, those of high potentials in 
ir (suitable Shunt resistances are supplted for con- 

currents). 

»me principle has been applied to the constmction of 
TS for ranges from t to 30,000 uolts, also with trans- 

in lieu of circuit resistances. 

Portable Controlling Doltmeters (no.600b). Tor 

Is up to 200 Dolts, auailable for uarious ranges by 

;ion of the circuit resistance. the heating wire is pro- 

y a fuse of accurately adjustable resistance. 

-recording Instruments, the diagrams are traced in rectangular Cartesian coordinates with 

of Systems producing rectilinear mouements or by the conoersion of rotary into a reciprocating 

ar mouement. 

Electro-maonetic Combined Uolt and Rmmeter tno. 539), on the pHncipie of Kohl- 
's spring-galuanometer. these instmments are supplied for either purpose alone or as double 
Rmmeter recorder for use in three wire circuits. the ammeters are also made with a durging 
Order for accumulators. Tig. S. 
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22. £oad Indicator for RUernating Currents, constntcted on the princlple of rerraris*s 
rotatoni fteld. 

23. Kohlrausch*S Roller Vltht Bridae tno.3S9). the reslsUnce of (he metre toire, tohtdi 
has a length of 3 m, can be raised \o i\s tenfold resistance bt| means of hoo Shunts eadi haoing 41/2 
Hmes the resistance of the loire and aoatlable for shunting on either or both sides. the Shunts sup- 
pUed with the apparatus ran^e from t to 10,000 ohms, the higher ones beino wound b^ Chaperon s 
method. the brtdge is prinapallti adapted for the measurement of electrolytes. Tig. 9. 

24. SUding Contact Bridae tno.40Te). SUdina resistances, whidi were fionnerlii aclusioely used 
as regulating resistances, haue nrst been applied by Hartmann ft Braun for the purposes of measure- 
ments. Tlaturalli^, the medunical parts haoe been correspondinglu improoed witn a Diem to obDiate 
transition resistances. this tvpe is rar more conuenient and quidier m use than the plug contact pattem. 



Teleph. 



Vi fuU sije, 



LüweUßlyt 




Tig. 9. 

25. tlippoldt's Telephone Bridge (no.453) for ascertaining the ground pUte resistance of light- 
ning conductors and telegraph earth concmctors with the aid of altemating currents, fttted toith arrange- 
ment for measuring wim earth contact borers bt| lOiechert's method. the measuring apparatus is 
connected directly to a flat cased telephone, whidi can be put out of circuit so as to measure the re- 
sistances of inductiue circuits with the aid of a small galuanometer. 

26. Ihomson's Double Bridge (no. SOSa), conuenientlti arranged for direct reading of re- 
sistances of 0.00001 to 7 Ohms. 

2T. Ohmtneters (no. 6 14) for direct reading of resistances independentli^ of the strength of the 
measuring battery and the influence of terrestrial magnetism. the entire scale can be made aoailable 
for ant| ränge up to 1 megohm and for ant| interual. 

the inshiiment is also erh^emely conuenient for temperature measuring from a distance. Resistance 
thermometers for use in conjunction with this Instrument are adapted for ant| required purpose. 
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28. Kohlrausch*S Untoersal Vltirt Bridge (no.SSS) for measuring soUd and eUctrolvHc 
reststanccs ty means of a galDanomettr or telephone, readina direct from 0.0 t \o 10,000 ohms. The 
utDanometer in conjuncHon toith outside resistances or shunrs is also at)atlable for measuring polen- 
nals and currents, and has in Ihis particular inshumenl Ihree ranges. 

29. Potentiometer tOith Sliding Contacts. this tvP^ enables a quldi and easti balance to be 
obtatncd bchoeen the ends of the circuil bi^ htming Ihe stoildi teuer, and Ihe resuUs are direclly read 
oflT for all ranges. Ihe apparahis conlains as a special feahire hoo circular stts of resislances lohidi 
bg htmino a handle can be placed toith the beginning and end of eadi set al ani^ point of the circuit 
iDtthottt altering the aggregate resistance. 



Vi füll m€. 




Tig.lO. 

30. Complete Sets of Instruments for determining the capacity of cables by means of Standard 
nia condensers and modified Sabine heus, on marble slab loith all necessary connections, mounted 
OB ebonite ptllars. Ihis outftt together lotth the apparatus necessaru for testing insulations, is either 
■ountcd for stationary use in laboratories or fitted up in cable testing cars equipped loith all desir- 
iMe conoeniences. 

thcse outnts are aemplifted bt| illustrations. 

3t. Rpparatus for Cramining the Qualitu of Iron with respect to their magneHc properties 
by mcitts of a blsmuth spiral (no. 560 a], consistma of an electromagnet fitted loith double yohe the 
■ygnctisina coU of whidi takes the trial bar and bismuth spiral, a metre bridge with galoanometer 
fK determlnins ttie resistance of the latter, a temperature compensator and an ampä^emeter to ascertain 
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Hie shretiani of Hie fteld. The 
of Hie meire bridge gioes direct 
ings of the number of Hie lin 
forte. 

32. Cenard's Bismuth S 

(llo. 504) for ascerUining Hie i 
sih| of a magneHc fteld ty meas 
the oariaHon in resistatice of Hie s 
tohidi undergoes aoerage dutig 
5 per Cent per 1,000 Unes of for 

33. H.DuBois'sCargel 
ring Ctectromagnet. the m 

arms are made to slide apart a: 
tum toith respect to eadi other. 
pole ends are pierced and ftUed 
cvlindrical and conical caps 
bauonet joints, for opHcal evperin 
Cam arm is fttted toith rour 
haoing an aggregate number of 
tums shuntmg on to oarious soi 
12 oolts and 20 amp^res yield a 
neHc fteld of 35,000 C 6. S. toi 
interferric tmm lotia and hao 
secHon of 32 qmm. fig. 10. 

34.H.DuBois*sSinaU1 
ring 6lectroinagntt. Simii 
construcHon to the larger magnel 
whole can be tilted Oflr so as to 
the polar aris of the interferric 
in a oerHcal direcHon. The aHai 
magnetic Meld is 30,000 C6.S. 

35. iarat Readina ItUi 
for magnetic and elecfric reft 
Instruments {JU>. 351), absolutel 
from iron, toith Rne adiustmi 
aiimuth and altitude. tiie teli 
has considerable light-gathering i 
and is RHed toith a euryscopic i 
meter-et|epiece. Ihe scale carrii 
be raised and lotoered; in adi 
the enHre inshitment can be i 
up and doton bu a radi and | 
attadied to the root. rig.u. 

36. Small Reading Idt 
toith simple medunism for ac 
adjustment with respect to the i 
(no. 35S). 

3T. Scale £antem with e 
incandescent ftlament for proj 
the deflections of reflecHng ga 
meters upon opaque or transj 
scales, Rtted wlth conoenient i 
ments (no. 363 b). 



38. 6auss*S Stand for Instruments with three oah feet weighted with lead and a 
stage tohidi can be raised or lotoered and clamped (no. 349 a). 

39. Scales for Nirror Readings, in lengths of40tot40cm(nos.360and36t),madeofc 
glass, milk-f lass, loood cooered with paper or transparent celluloid. RU scales are accurately grai 
on the dioiding engine. the milk-glass scales haoe prooed particularly suitable for telescope rei 
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2. Keiser & Schmidt, Berlin, 20 johannisstr. 

t. ItlducKon Coil giolng a spark of 50 cm. In mahing this coil, particular attention is paid to 
crfrd tnsuUHon of the primary and secondary coils, and also to the proper adaptation of the apparatus 
! rcquired for use loith contact-breakers of Dtry high frequency. 

the contact-breahers, oiz. lOagner's hammer, Depre^'s contact-breaker andmercury balance, are 
KM to a sUde so as to render them interdungeable. 

the condcnser consists of three dioisions and its capacity can be regulated by a teuer to 2, 4 or 
I microfarads. 

2. Cotldftisers. By the use of diemically pure paper and a special insulating mass these condensers 
■f madc nearly as constant as those of mica plates. By means of plug connections the capacity can 
Ic Mried Arom 1 to 2, 9, 5, to microfarads and aboue. 

3. Dolhtltter, to 9 doUs, reading to 0.5 uolt. 

4. Dolhtltter for class demonsh^ations, to tO uolts, reading to 0.5 t)olt with pointer Disible 
fem both sides. 

5. RvxpiTttti€\tXt to 30 ampä^es, reading 0.5 ampä^e. 

6. Rmpfrtmttfr for class demonstration, to 10 ampä^es, reading to 0.5 ampä^e with pointer 
üsible r^om both sides. 

T. IQUltoolhneter» Ukeuiise auailable as a pyrometricgaluanometer for measuring tem- 

eahires of to 1,600"* C. 6erman patent Tlo. 99,274. this gabanometer is of the Depre£-d'Rrsonoal 
c, ttie Suspension of the system being patented. the Inder plaus ouer two scales, one of whidi 
Micairs ttie t. M. T. in milliuolt, so as to facilitate the conh'ol of the readings furnished by the in- 
frmcnl, white the other reads directly degrees of temperature. the thermo-elech'ic couple consists 
f hoo toires of pure platinum and an alloy of platinum and 10 per cent rhodium fused together at 
m cnd. 

The 6.FI.T. of the thermo-elech'ic couple at 1,600"* C. is about 16 milUuolt. 

S. SctISiKw nUltoolttneter, auailable as a galuanometer for measuring low tem- 
er a für es as far as — 240'*C. in connection with £inde erperiments. The galuanometer is of the same 
ipr as Ihr preceding inshitment, but the mooable system is suspended by a thin wire. Ihe couple 
MSists of iron and constantan wire yi^lding, at a temperature of -240'* C, an 6. M. T. of about 
niUioott. 

9. Prof. H. Rubens*S IhmnopUe, consisting of 20 couples of iron and constantan wire O.t mm 
iMl Die pite has an 6.M.T. of 1,000 microoolt per r C. 

to. Prectsion Resistance Boir loUh Plug Connection, arter the pattems of the imperial 

Inisical and tedinicat Institute, the bobbins are wound with couered manganine wire. 

tt. Plug Resistance Boir in Decades. 6adi decade consists of to equal resistances tohidi are 
ttt in\o drcuit by a Single plug so as to auoid intermediate plug resistances as in serial fesistance 



t2. Bridge Shunt Boir with two arms of t, 10, tOO and 1,000 ohms eadi, whidi can at pleasure 
e interdianged by two ptugs. 

13. Decade Sliding Resistance Boir from designs of the 6erman Telegraph Seruice, Crperimentat 
Icpvtiiient. 

t4. Uheatstone Bridge with Plug Connections, consisting of a resistance bor of 0.1 to 
ßm Ohms, tioo Shunts of 1, 10, 100 and 1,000 ohms, in eadi and a double keu. Ihe shunt can, at 
fcasure, be put into drcuit with either bridge arm. Ihe double key is for the purpose of putting 
k hattcni and gatoanometer into circuit. 

19. Uheatstone Bridge of Decades, comprising resistances of 10x0.1, 1, 10, 100 and 1,000 Ohms 
Bd hoo Shunts of 1, 10, 100 and 1,000 ohms eadi. Eadi decade has one plug only. 

ti. Uheatstone Bridge toith Sliding Resistance Boir and Sliding Contacts« with two 
' of 10» 100 and 1,000 onms eadi and ftue decades, in accordance with the requirements of the 
Tetegraph Semice, Grperimental Department. 
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IT. Standard Resistance Coits as adopted bt| the imperial Ph^sUal and tedinical InsHhite. These 
resistances are enclosed in perforated metal cases and suspended in pehroleum baths either for accuraMi 
ascertaining their temperahire or for rapidlv carniing ofT the heat generated b^ the current. 

18. Clark Standard Cell, with thermometer in metal case, as used at ttie Imperial Physical and 
tedinical Institute. Ihe Standard 6.M.r. of the cell at a temperature f and loithin the interual of ti 
to aS^'C. is 1.433 OOlt -0.0013 (t-l5) DOlt. 

19. Prof. Teussner's Compensating Rpparatus. Ihis apparatus is for measuring potenHM 
difTerences betioeen O.Ol and 1,000 uolts and, toith ttie aid of Standard resistances, also currents W^ 
tioeen 0.00 1 and 1,000 ampä^es toith a degree of accurac^ toithin O.t per cent. 

rhis apparatus is made in two forms, t)ii. a small model haning a fired resistance of 90,050 otafti 
and a large model hauing resistances of t to 200,000 ohms. 

20. Irough Battenj toith Padiytrope. 

2t. Dry CeltS. These cells haue been worhed continuouslv for IST dat|s bt| the Imperial Physkrf; 
and Tedinical Institute and haue been certified to vitld, in conjuncHon with an ertemal resistance iT 
30 Ohms, 166.6 ampä^e hours at a mean P.D. of 0.T4 uolt, i.e., 133 loatt hours. 



emcmcmcmemememcmemememcmememcmcmemcmcmcmcmcmemememomm 

3. 6. nöhdcn, Berlin, t/s Reldistagsufer. 
Nedianician to the Physical Institute of the Unioersity. 

Paal20tO'Rubens*S Dynamo-bolometer for measuring eUctrical oscilUHons of Short pcrit- 
dicity. This apparatus has been emploi^ed bu Prof. Rubens to inuestigate the influence of paraüfft 
wire gratings upon electric oscillations, as loell as the distribution of the energv in electrically oscO- 
lating loires. 

The erhibit is the propertv of the Phi|sical Institute of the Unioersity of Berlin. 



4. Wilhelm Siedentopf, Würzburg. 

Nedianician to the Royal Unioersity of lOürzburg. 
Naher of Physical and Physiological Instruments of Precision. 

(See also Section Vg.) 



V» fuU sUe. 




Prof. Dr. nai Ulen's 

Rpparatus for Darylng Self- 

inducHon. 

This apparatus, as shoum in tiic iltustra- 

tion, is fully described in tticdemami's 

Rnn.5T. p.l40. UM. 

Prof. Dr. Plaf Uitn's 

Unit Coils of Setf-inducHon. 

These coils are shoion at the right and 
left of the illushration, and are described 
in Uiedemann's nnn.$$. p.$53. tSl6. 
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5. Siemens & Halske Omited, Berlin. 

(See also Sections IV. Va and VII.] 

t. Standard Resistances of manganine loith 
hnncd copper arcs for connectton, in hoo si2es, toith 
pntecHng oessel seroing at the same time as a re- 
optacle for the petroleum used for maintaining a 
CiBStant temperahtre. 

Ihtse resistances are sUndardized accuratelv loith- 
te ViMit 0^ ^^^^ Dalues and mat|, if required, be 
toledand certiRed b^ the Imperial Phusical and 
Veiniical InsHhite. Ihe thermal coefRcienr is beloto 
f .INO} per t<» C. 

a. Small pattern: 0.001, 0.01, 0.1, 1, to, 
100, 1,000, 10,000 Ohms. Tig. 1. 

b. laroe pattern, in petroleum bath toith 
turblne and loater cooling spiral, for potoer- 
ful currents: 0.001, O.oooi ohms. 




Tig. 1. 



Tig. 2. 



2. CotnpensaKna RpparahlS for x)tr\^ eract measurements of potential and current after the 
compensating method of Poggendorff and Dubois-Ret|mond. Tig. 9. 

uie voltaae can be measured loithin limits of 0.00001 to iDolt and 1 to 1,500 doUs by comparison 
«ith the £.m.T. of an encased Standard cadmium cell requiring no temperature correction. Rnt| other 
:Jfanidard cell, e. g. a Clarh cell, mav be used, if the proper correction be made for temperature. 

The current is measured indirectty by determining tne P. D. at the terminals of one or the Standard 
Rsistances spectRed under Tlo. 1. 




Tig. 3. 
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Raessories:— 

t SUdingcontactresistance, accurateltiadjusUd. Rggregate resisUnce 160,000 ohms. Tig.^ 
t Depre£-d*Rrsonoal reflecting aaloanometer, loith füred magtitts and suspende d mooaMi 

coiU hauing a resistance of 1,000 ohms. tigs. 5 and 14. 

1 Uertical reading scate for Ihe refUchng galoanometer, toith incandescenl Ump, Hi 

image of the slit being oisible on a horUontal scale. fhe scale is mounted along the wall immediatii| 

abooe the measurinß inslnimcnt and Ihe tohole, being arranged in a compact form, can be controlw 

loilh greal ease. Tig. 5. 




Tig. 4. 





Ti0.9. 




Tlg.T. 
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Kohlrausch*S Plug Resistance Bof. Rggregale rcslsUncc JO.OOOohms. compact ar- 
mt, in Steps from O.t to tO.OOO ohms, toith dosed plug series, absolutely free from tnduction 
iaciti|. Ti9.6. 
r resistances above 300 ohms are 

after Chaperon*s method. Iheir 
y ts lotthin VioM of the specifted 

UiHi the aid or inftnihi plugs cer- 
ts of reststances can be disconnected 
cd in separate circuits. 

Graphite Resistance of too mii- 
lims, not accuratelti adjusted, free 
nduction and capacih|. Ihe entire 
(ice is dioided into 5 sections of about 
million ohms arranged on a spiral 
cut into an ebonite c^linder toith 
mnelope. Tig. T. 

SUtUna Contact Resistance, ac- 
rl9 adjusted for laboratory toorh 
»call currents, fitted loith ebonite 

Rgaregate resistance 10,000 ohms, 
axSks for 5 dioisions of 9x0.1, 9x1, 
9x100, 9x1,000 ohms. eadi of the 

is put in Circuit by copper spirals 
to render them independent of the 
ion resistances at the avis. Tig. S. y^g ^ 

6. Sliding Contact Resistance 
not accurateti^ adjusted, for 
weah currents, with wooden cooer. 
^ Rogregate resistance 100,000 ohms, 

Wim 4 cranks for 4 sections of 9x lo, 
9x100, 9x1,000, 9x10,000 ohms and 
a Rfth crank for a wire of 10 ohms 
for resistances under 10 ohms. Tig. 9. 

T. Rdjustable Resistances 

for powerful low potential 
currents for laboratoru and stan- 
dardi£ing purposes, with automatic 
water cooler; consisting of 5 manga- 
nine tube resistances of 0.006, 0.012, 
0.04, O.OS, 10 ohms for currents up 
to 3,000, 3,000, 500, 900 and 20 am- 
ptres, Ihe indioidual resistances 
can, with the aid of couplings, be 
joined up in series or put out of 
Circuit, or adjusted to ani^ desired 
degree bt| sliding contacts. Tig. 10. 

8. Nica Condenser of i micro- 
farad, in mahogani^ bor Rtted with 
ebonite cooer, for laboratory mea- 
surements and aoailable as a com- 
parison Standard, in 4 sections of 
0.1 to 0.5 microfarad. Tig. 11. 

Paper Condenser in mahoganti bor Rtted with ebonite cooer, for tedinical purposes (tele- 

t» Ac) of about 20 microfarads. In 3 sections, from 5 to 10 microfarads. 

ttlomson*S QectrO'StatiC Uoltmeter, for measuring high potential continuous and alter- 
currtnls and anaitable for testing the insulation of conductors carrying a high noltage. In 




Tig. 9. 
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metal bor for Screening ofT evtemal statte influences. the Instrument is absolutely independent o 
periodicitv ^^^ ^^ ^ double ränge of 1,000 to 5,000 and 2,000 to 10,000 ooUs. Tig.t2. 

Tor still higher uoltages the Instrument is supplied 
porcelain shunting condensers. 

tt. Rstatic ReflecHng 6atoanometer, auatubu 
cable detector aaloanometer, fttted with bell-mag 
plane mirror, needle arrester, two directing nugnets ad 
able by toothed wheels and four intenhangeable coil 
copper toire; mounted on brass tripod. the resistam 
about 16,000 Ohms. Tig. 13. 

Ihe galoanometer tube is fttted with an adjuslabU i 
pensator for diminishing the disturbances in tlie earth I 

12. Deprez-d'Rrsonoal ReflecHng GahM 
meter with fired needles and monable coil gining a 
portional deflection and a deRnite lero point. This im 
ment is a D€r^ sensitioe current gauge, 1 mm of deflei 
at 1 m from the scale beino = $.5x \o-^ amp^res. the sy: 
carruing the mooable coli is intenhangeable with anc 
of high Potential sensitioeness, t mm of deflection . 
distance from the scale of Im reading 3xto~* oolts. Tig 
and 15. 

Rccessorti:^ 1 Rdjustable magnetic shuntfo 
minishing the sensitioeness bt| about 40 per cent. 

13. Du Bots and Rubens*s Double 
Spherical Iron-clad 6aluanometer, wtth two conce 

spherical Shells and a ci^lindrical Shell seroiim as a h 
porting case, including a heaoi^ and a lighr System of deflection magnets, two pairs or internal 
noo ertemal directing magnets, two coils of 3,000 ohms eadi, together with two ertra coils of 5 
100 ohms respectiuely, and all other accessories. Fig. 16. 




Tig. 10. 





Tig.U. 



Tig. 12. 



14. Du Bois and Rubens's Four Coil RstaKc Iron-clad 6atoanometer, toith 
concentric cvUndrical Shells, one of mhidi is uerticalli^ mooable, together mith a light and a h 
magnetic shell, four ertemal directing magnets and four coils of 2,000 ohms eadi in eoonite casa 
gether mith four ertra coils of 100 and 5 ohms respectioely, and all other accessories. Fig.tl. 

15. Precision NilU-OOlt and Rmpä'emeter, haoing a reststance of tohm, fbr conNnuotts 
rents, with absolutelti proportional scale of 150 dioisions. the Instrument is nearty aperiodic and ( 
with a well balanced mooable System. Tig. ts. 



SfcKonVl 




Fig. IL 



Fig. 16, 



1if*amta ud Üftki. 



t« 
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the measming capacihi of Hiis instrumctit loiHurat resistancc or Shunts otcnds from \o 0.15 ooU 
and to 0.15 amp^e. 

Rccessories: 1 Resistance coil of manganine of 9, 99 and 999 ohms for measuring potentials 
of 1.5, 15 and 150 oolts. Tig. 19. 

1 Resistance coil of manoanine of 9, 99, 999, 4999 ohms for measuring po- 
tentials not aceedina T50 oolts. 

1 Shunt of manganine of t/tohm for currents not eiceeding LSamp^e. Tig.20. 

1 - - ' in ' ' - 15 ampäYS. 

1 - - - *^|t - - - - 150 




rig.lS. 



Tig. 20. 





Tig.l9. 



Tig. 21. 



16. Precision UoU and Rmpä'emeter with sir ranges, for continuous currents in Ubora- 
tortes, similar to Tlo. 15. 1t measures within the follouiina limits:-^.15, 1.9 and 19 amp^s and 9, 
15 and 150 oolts. Ihe plug supplied with the Instrument ilrst doses ttie circuit, but requires deeper 
insertion before the currenr passes throu|h the instrument. Tig. 21. 

Rccessort|:^t Shunt of manganine for currents not aceeding 150amp^es, in a protecting 
case, whidi can be slid under the insrrument. 

IT. Precision Uolhneter, a Uboraton^ inshitment with three ranges up to 15, 150 and T50 oolts, 
respectioelti, for continuous currents. Similar to Ro. 15. Tig. 22. 

18. DepreZ'd'Rrsonnal Pointer 6atoanomeler, in a compact form with stop and mouabie 
Scale so as to place the lero point accuratelti beloto ttie pointer, aoailable as a sensitioe bridge galoano- 
scope, a detector, ftc Its resistance is about 120 ohms and its sensitioeness amounts to about 1.5 x io~* 
ampä^es per dioision. Tig. 29. 
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t9. Dtprt2-d'Rrsoiioal Pocket Dott and Rmpä^emeter for o to t$o ooUs and o to to am- 
ptrts, wiHi four terminats and a key for putHng nie instrumenl into drcuit, tohilst the Shunt remains 
pcrmanenHti in the drcuit Similar to Tig. 23. 





Tig.«. 



Ti9.J3. 



20. Depre2-d'Rrsonoal Podiet Rmpä^emeter, similar to no.to, adapted for currents up 
to 50 amp^es. Uith encased shunt for currents not aceeding tO ampä^es, separate shunt for currents 
abooe tO Rmp^es. 

2t. Deprf2-d'Rrsonoal Podiet Doltmeter, simiUr to no. t9, with double ränge front to 9 
and to 190 nolts, for testing telegraph currents, cells, accumulators, ftc. 

22. Unioersal Current and P. D. Recorder, consisting of a ^tr^ eract milltoolt and amp^e- 
meter (see no. 19) with uniformlii diuided scale and an electricallv driuen recorder, tracing eoery 9 seconds 
the Position of the pointer upon a sh^ip of paper 
adoancing at the rate of 240 mm per hour. the 
apparatus may be drioen by the main current 
if continuous and if the oscillations do not 
succeed :^10 percent, othenoise four Helle- 
sen drt| cells, tupe no. 1, should be used for 
this purpose. flg. 24. 





Tig. 24. 



Tig. 29. 



W 
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23. ReflecHng 6lectrO'dl)namomrter for toeak currmts tolHi hoo staHoiuni coils and a spherkal 
moDable coil toithout metal frame and Rtted toith pntumaHc damper. the principal parts of the Instru- 
ment are entirelv free front metal and are made of insuUHng material; the instrument is therefore 
free front Toucault currents. Tig. 25. 

24. Torsion £lectrO'dl)namometer, or poioer meter, for conHnuous, altenuHng and rotary cur- 
rents, perfecHti free front ToticauU citrrents, adapted for about a ooUs toittt hoo ranges of \o 50 
and ro tOO antpä^es. Tig. 26. 

Rccessory: t Resistance coil free front inductiontoith 
seoerat sections for currents not erceeding 200 ootts. Tig. 2T. 






Tig. 26. 



Tig. 21. 



Tig. 2S. 



25. Rstatic lorston £lectrO'dl)namometer for measuring the potentiats of continuous 
and altemating currents of anu periodicitu and form of cume; aoailabte for tioo ranges of t20 to 360, 
and 240 to 120 oolts. Tig. 26. 




Tig. 29. 



26. Precision DoUmeter for ConHnuous and RUemating Currents, a direct reading eiech^o- 
dynamic taboratory instrument toith pneumatic damping and aperiodic adjustment, toith tioo ranges 
up to 15 and t50 oolts. Ihe inshitment is aact toitnin O.t per cent of its nominal nalue and does 
not require any temperature correction. Its ercellent insulation ofTers complete protection from the risks 
of high tension currents. Tig. 29. 
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27. Uathnetfr, a dlrect reading Uboratory inshummt for measuring the power of conHnuous, 
atlenuHtig and rotaru currmts, toUh actWenl pneumaHc dampina and aperiodic adjushnent, free from 
FouGittlt currents, toUh hoo ranges for t2.5 and 25 ampä^es. the high power coil ts so adjusted as 
to render ttie scale perfectlv proporHonal and almost enHrelv eliminate the muhtal inducHoe influence 
of Hie hoo coils in anu posiHon. Ihe degree of evachiess is toithin O.t per cent of the indications. 
F19. 30. 




Tig. 90. 

2S. Untotrsal Resistance Bor, inmahogann bor toith ebonite top, for measurements bytOheat- 
stome's bridge, consisHng of ptug resistances of tO,000 ohms in secHons of O.t \o 5,000 ohms and hoo 
shmts of t, to, tOO, 1000 ohms, eadi, tohidi mau be connected by an indnihi ptug and by a resistance 
plna of to Ohms. Ihe resistance coils are bidlarty wound on metat and are perfectlv free from in- 
ittcHon, and are constant Tig. 91. 




Fig. 91. 



29. RpparahlS for measuilnQ resistances on mahogany board, compact and portabU, ror mea- 
suring wUnout polariiation within rhe timitsofO.Ot to 1,000,000 ohms, for determining faults. Tig. 92. 

30. Telephon Blldge ror testing lightning conductors, consisting ofatOheatstone bridge, through 
»hidi is passed the continuous current of hoo dru cells rendered intermittent bu means of a contact 
»lieeL the bridge together with a sliding contact, the contact wheet and hoo dry cells are fitted in 
a case with Shoulder shrap. Tig. 99. A comparison resistance coil of 10 ohms and the telephone are 
placcd in a separate leather case. 
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3t. Rpparatus for Comparing Standard Ttesistances wUh the aid or a uheatstoneor 
Ihomson bridge, consisting of three pehrolfum baths separated by air strata, maxury cups for con- 
necHng the comparison rtsisUnces and Shunts, a connecHng rail and hoo htrbines for agiUKng the 
pehrotnim toorked by an electromotor (see Ilo. 91). Tig. 94. 

Rcctssoritsi^l Resistance bores of 2xt0 ohms together toith an interpolating resistance 
of 0.0t Ohm (Tig. 2), and 2 Standard resistances of to ohms (see Ilo.t). 




Tig. 99. 
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Pi9.34. 

32. Rpparatus for Neasuring the InsuUKon and the Capacitu, compacny arranged on a 
nahoaanii ooard, for UsHna the defects, resisUnces and insulation of cablcs, also for mtasuring the 
capactlu bu cotnparison toim \ht durge of a mica condenser (see Tlo.S), toUh Shunt for the Deprei- 
d*Hrsonval reflecHng galoanometer, so as \o toork toith oarlabU degrees of sensmoeness. Fig. 95. 

the insuUHon of the cable is conoenientlv established in ohms by standardiiino the reflecHng 
gatoanometer for resistance in connecHon toith a Shunt and a comparison resistance or 2x5,000 ohms 
mounted upon the board. 




Flg. 35. 
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33. Precision Uniotrsal 6atoanometfr, compact and portable, tot measuring currcnts, potenHats, 
resistances and insulation, toithout restriction, toith a degree of oractness sufRcing for most tedinicai 
and scientific purposes. Tig. 96. the diagrams mostlu reouired for certain measurements art inscriM 
upon the cap of the instrument (as may be seen in Ptg. 91). Ihe apparatus is aoailable for dired 
readings up to 0.t5 ampä'e. £arger currents are measured toith the aid of directly adaptable Shunts 
in conjunction toith the one-ohm milli-oolt and ampä'emeter. P. D. measurements can be made up to 
150 oolts, and resistances from 0.09 to about 90,000 ohms can be measured with the aid of a circuUr 
measuring wire by the tO h e a t s t o n e bridge. tOith the aid of a battery of 1 1 oolts tnsulating resistances 
can be measured up to 1,000,000 ohms. 





Pig. 36. 



Tig. 91. 



34. Du Bois' Magnetic Precision Balance for tesHng the magneHc properHes ofmaterials, 
with Standard gauges for rouid and Square rods, with spherical dieeks and all other necessary accessories. 
Tig. 9$. Ihe solenoids are placed directly round the rods and sheets whidi are subjected to the test 




Tig. 9$. 



whilst a stout cross beam of cast steel of considerable permeability forms a dissymmetrical balance 
..-^c ,„ „..«,.-_, — . ,c,.„ c- c^ ... _.^-c..^ produced by the magnetiiation 

or the disptacement seroes as a 



liWI»»«> W ^»WM» VIW^^ WbMIl» VI W«9» 9»bb» VI WWII^IW^IOTVIb |F«I III^MVIII» If 

whidi is kept in equilibrium in Opposition to the nu^etic attraction produced by'the magnetiiation 
of the whole sustem by means of a sliding weight. the magnitude 



measure of the induction produced. 
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1 

y mdiii^ oT the nugnetic inducHon per t sqcm, a one-crank resistance bof, a Hiree-crank resistance bor 
V «1 ffvcr Hetlesen dn| cdls, type 2, all mounted on one board. Ti9.99. 

■ Ulf magneHiing current is suppUed and measured bu a 4 voU accumulator and a predsion milU- 
w vdk and ampfremeter having a resistance of t ohm (see Tlo. 15). 



if. Kdpsers Rpparatus for tesKng the Nagnetic Proprrties of Iron and Steel in 
[ mband snecl bundles of a gioen siie, consismig of the magnetiiing apparatus toith dial gioing direct 





>ig. 59. 



96. Carge Heading telescope for reflecting galoanometers, on tripod, toith hoo reading deoices 
for incandescent and gas light, oerticailu adjustable along the telescope stand. Ihe telescope is fitted 
otth radi and pinion and magnifies 50 times. Tigs. 40 and 4t. 





Pig. 40. 



Tig.4l. 



ST. SmaU Qectromotor or laboratory purposes, drioing influence madiines, rotating mirrors, 
sthrring and shaking apparatus, $tc., adapted to toork loith any desired ooltage. Tig. 42. 




Tig.42. 
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6. Heinr. Stieberitz (Otto Brunn Radif.), Dresden. 

t. Halluiachs' Rperiodic and Tlon-magneHc Quadrant 6lechromfter. Thema 
force is supplied by the rorsion of a fine pUHnum toire (Vwinin MM, whidi is ^ledally ft 
so as to be free from elastic fatigue. Damping is effected by pneumanc friction. tnc apfunnh 
be adjusted toith great predsion toith the atd of numerous orientaKng appliances. 

6reatest sensihoeness: wi\h **DoppelsdulhinQ** (needle and one pair of quadratits Un 
50 ooUs per 500 dioisions of the scale; toim **QuadranFsdulhttig" (usual arrangemenr) t ooU per 1 
oisions of the scale, the latter being 2 m distant. 

2. thomas's Cun)e-hracer for Rtternating Currents. this apparahis is designed ( 

monstraHng the phenomena in altemaHng circuits. U consists of a drum mini sensiHied paper and 
by the spindle or a syndironic motor, upon tohidi the liaht of an arc-lamp fed bv a connnuotts c 
is made \o fall through a condensing lens so as to rrace upon Hie paper a curoe represenHi 
mean of 100 notaHons taken within hoo seconds at tOO reoersals per second. 

By suitablv shuntina the apparahis for different circuits, the same diaaram may be emplou 
tracing current and oolraae curoes of monophase and polyphase currents, also for ascertaining 1 
fluence of capacity and selr-induction upon the form of rhe current curoe and for determining bti 
measurement the cosine of the phase disptacement, *c. 

3. Stdchhardt's Instrument for Determining the Periodicity of Clech^ic Cun 
this inshiiment consists of a tuning fork with mooable weights fitted to the brandies and 
behoeen their ends adjustable for a Tone marimum by simplu ruming a milled head. the instr 
is adapted for too oolrs and 10 to tOO reoersals per second. the readtngs are taken direct from a 
along rhe course of the weights. the inshitment is put into circuit iTke a ooltmeter and is a 
fimr normal plants. 



aaaaaaaaaaaaaaaaaaaaaaaaaaacta 

T. Otto Wolff, Berlin S.W., t4 Rlorandrinenstr. 

t. rhree Standard Resistance Coils, new pattem, of o.ot, o.oot, o.ooot ohm. this i 
possesses oner the other forms the adoantage that the main and Shunt terminals consist o 
solid piece of copper into whidi the ends of the resistance strips are braied, whereas with thi 




pattems the copper and the resistance shrip ends braxed thereto had to be soldered both to the 
terminals and rhe Shunt ciamps, the presence of the ebonite cooer rendering braiing impossibli 
Zeitsdlr. f. Inshitmentenk. tl. p.t9. tl9l. 
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PetrolCtttn-bath for Standard Hesistances. An accessory for use loim thc Standard resis- 
; lohen measuring currents. A hirbine causes ttie pehroleum, tohidi is heated bv ttie passage 
: current, h) flow round an annular vessel kcpt cool oy ttie circulaHon of cold toater and rticreoii 
Ihe resistances. 

Uheatstone Bridge lOtth Plug Connection. Ihe brldge contalns floe pairs or ratlos of 
I, tOO, to, t, O.t Ohms and a sei of resistances of 50,000 to o.t ohm, ttt.ttt ohms In the aagregate, 
is fltted tolth stout termlnals for the resistances under evamlnatlon and also tolth batteni and 
ter key for permanent and Instantaneous connectlon. tOhen not In use, the apparatus Is pro- 
firom dust and llght by a closely fittlng toooden cooer. As the termlnals project from the sldes 
f the brldge the cooer can be placed over the brldge tolthout remoolng the lolre connectlons. 

Idheatstone Bridge lOith SUdina ContactS. Ihls brldge contalns four palrs or raHos 
lf,IOO, 1,000, tOO, to Ohms tolth plug connectlon and three Interpolatlng resistances of t, O.t, O.Ot ohm, 
M, bv means of plugs, mau be added \o elther slde of the arms, also a commutator for reoerslng 
f Im arms, hoo termlnals for the resistances under evamlnatlon and battery and galuanometer heys 
permanent and Instantaneous contact. Ihe resistances conslst of sür decades of 10,000, t,000, tOO, 
1, i.t Ohm and are of the slldlng contact type. Ihe slldlng contacts conslst of a lar^e number of 
mefal leaoes brushlng ooer the contacts. A wooden cooer Is proolded for protection from dust 
Itoith the precedlng apparatus. 
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VU. Electro-medical, Phijsiological and Bio- 
logical Instruments. 



t. W. R. Hirsdimann, Berlin N., t4/t5 Johannisstr. 

Naker of eiechro-thtrapeuHcal Instruments, 
t. Stationan) Universal Rpparatus for 6alt)anic and Faradic Currmts, in coi| 

toith an influfnce madiint. Pig. t. 

2. Stationan) Rpparatus for 6alt)anic and Faradic Currents, simpic anrangnnctir ai 

for connecHon \o conhnuous circuit of tlO ooUs. Tig. 2. Sudi staHonaru apparahis is adapted for ^ 
toith accumulators and primary cells, or may be direcHy connected toim snreet mams carrying a con^ 
tinuous currenh Ihe aturiliani appliances satisfy aU tlierapeuHc and diagnostic rrquiremrtirs. In i|M 
signing the apparahts considerable attenKon has been paid to the connenlence in manipulaHon. ^1 

3. Portable Rpparatus for Constant and Induced Currents. this apparahis is arted wm 

gilvanometers for absolute measurements. they are parHy (Itted toiHi m\sUnc€ coils for tt^* 
Hno the current, and all are prooided toith cell counters for putKng any number of celLs sinal^ inl« 
Circuit. Ihe siie of the cells is diosen according to the strength of the curren^ lohtih in irs tum 
depends upon the purpose for whidi the apparatus is required. Ihe portable inducNon apparatu 
is fitted with one or two cells according to rhe frequency with whidi it is intended to be usta. Vmi 
arranged for clinical use, in particular, are prooided with £eclanch< cells. 

4. Rurilian) Rppliances for £lectrO'therapeutical Purposes and for Electroltjsis. dai 
oanometers, Rheostats, Clectrodesof oarious forms, Handies for electrodes fitted with Mn^ 
rupters, needles for electrolysis, Sounds, $tc, 

5. Portable Rccumulators for Illumination and Cauterisation. thesf acmmuiators are so dr 
sioned as to render them adapted for irregulär medicinal use. theu are diargcd wttti solid Alling and 
all connections are protected from oridation. Self-disdurge is errecnoely obviated, cuen u?(th um| oc- 
casional use. Ihe entire arrangement is sudi that the accumulator may conijmientiv bc carrjcd nl 
shipped. the si2e of the accumulators depends upon the nature of the instrumcnts usrd. 



•1 

vsrtail 



6. Cauteru Instruments. Burner handles and galoanocaustic loops. Burners of 
Sites. Dr. A. mackenrodt*s Set of Instruments for gynaecological Operations. 

T. Prof. B ottin i's Set of Instruments for Baloano-cautenj of Prostata-hyptrtrophy- 
Tig. 9. this set consists of a table traoelling on casters and carry ing an accumulator and ampä^nnftr. 
the accumulators sufRce for a considerable number of Operations and are also auailable for iüumtnatmg 
Instruments, the galoano-caustic bumers are so constructed as to allow of the cutting surfaces bring 
mooed with great precision, «nd perftct cooling is prooided for. 
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iminaKng Instruments. Kead-tampsoroariousrorms. Instruments rorthetrans- 
ion of the caoity of the upptr jato, for the translumination and illumination of the stomadi, 
ipes, rectoscopts and oesophagoscopes, &c. 

»toscopic Instruments. ri9s.4and5. Dr.Rnitie*s Simple Cystoscopes corresponding 
) cathctcr nos. 21, 1$ and 15. Dr. Caspcr's Cathcter-cystoscopcs for intraocsical opfrattons. 
toscopes art prouidtd toith oood optical fittings, they haoe a (arge fietd and an incandescent 
ding pfrfect Illumination. Iht Instruments are Rtted up in sudi a manner ttiat they can be 




rig.t. 



Tig. 2. 
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TIg. 4. 





thorouQhlv cleaned \t^ etiKre immersk 
steriliiTng fluid toithotit risk of dami 
the opHcal and electrical fltHtigs. pBSlM 
intended for the catheterisaHon of me u 
are so conshiicted that thc cathcters c 
easily passed in and directed after the 
troducHon. ^stoscopcs conshiicted tot 
aHons are (ifted so as h) be «oailabl 
oarious diffitrent inshruments; the ii 
ments are therefbre interdumaeable and 
be used independentlv of the cysto 
Ihe forceps-like instruments are consti 
after the pattem of lithohiptors, tohil 
another form brandies are mronided w 
laterallii and so arranged that the fii 
Operation and the instruments can be 
concurrentli|. 

to. Rppliances fbr 1UuminaHn( 
Struments, aoailable for connection ti 
direct current plant. 

1 1. Untotrsal Rpparatus fbr 6ati 
Cauterisation andlUutninaHon adapi 

connection with a continuous chrcuit; 1 
formers for cauteru and illumination, fo 
nection with an altematino circuit. the i 
of the modeis are adapted for use with 
installations and so arranoed that ttui 
be connected directly with the main. 
reguiation of the strength of the curra 
required for small illuminating instrui 
is effitcted in the same manner lohl 
ttsualUi adopted in the case of accumu 
and omer sources of electridty. Ihe ii 
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re ttsed in thc usual 
The apparahis for tise 
bMmic «nd faradic cur- 
nteiided for direct con- 
do not differ in tlieir 
fionn from the staHonary 
s spedfled under Tlo. 2. 

Outfit for Dibratory 
)e. the electromotors 
r for massage are adapted 
i toith accumulators and 
cl connecHon \o an elec- 
t faislallaHon and are de- 
for conHnued and suffl- 
jNnoerfitl loorking. Rapid 
jonras tHtrraHons are pro- 
9 occntric rotaHon of a 
sKiped toeight, and these 
w are transferred to flat 
hm-shaped applicators. 

Prot oon Berg- 
es Instrumental Out- 

Optratioe Purposes. 
Che Vs H. P. motor sufflces 
ir Operations and is mount- 
er a table traoellina on 
the rotation is transmred 
hishruments bu means of 
leshaft, the tonole desion 
that the apparatus may be 
1 ann operating room and 
Uke anv other set of in- 
tis. the instruments are 
Icular anailable for trephin- 
rh and strongly made so 
ear the power supptied by 

Instrumental Outfit for 
tions of the Tlose and 
he electromotors are (Itted 
i flcrible shaft so as to 
r its rotation to the in- 
ats. the latter consist of 
; siies and forms of icra- 
TT Operations of themastoid 
» for openina the caoity 
Upper Jau), drcular saios, 
ftc tlie electromotors are 
oallabte for use toith the 
le Instruments. 

Instrumental Outfit 
'oducing and Rpplying 
gen Rays for medicinal 
es. Tio. T. the tohole is a 
t outfit satisfuing the 
nents of hospirals and 
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ctinics. the speciflcaHon includts an inducHon-coU vi^ldino a spark of 50 cm, thc remtisite 

coits tot connecHon \o shreet installations and a mercurv Tntoruptfr capabte of vi^UUng 6,00ü braif 

ßer minute. the number of brtaks may be increased, ir desirtd; this is hoiDctier not necessary lott' 
le appliances occurring in pracKcal use. Ihr tohole of the resistances required for ttie adjushnmtrfi 
Hie srrength of Hie current art connected toith the apparatus. Ihe tohole outflt is so arranaed is f»j 
join on to the street main toithout special connections. the tohole, being compactlu arranged, is oen' 
simple in actttal use and reliable. An electroli|tic interrupter can be tised witn thts apparatiis, toiiiA 
is ntted toith the necessary connections. 

16. Sparh InducKon Coils yielding sparks 50, 40 and SO cm long, these coils are all adaplci 
for high ooltages and accordinglu aoailable ror connection to continuotis cttrrents of SSO and nooottite 
theu mau howeoer also be worned by accumulators. the interrupters and commtttators do not form 
part of tne coils, as it is more conoenient to connect them with ttie other appliances. 

IT. RttfUian) RpparahlS for Sparh InducHon Coils. Rotatory interrupters of oarious finrns^ 
electrolytic interrupters. Röntgen tubes of oarious siies, Photographie auiiliaries, transluminition 
screens, Ikc. the rotatory merctuii interrupter is adapted for toorking bu accumulators and finr cmt- 
nection to continnous circuits, it is therefore adapted for any Röntgen Installation. Tlo separate sonne 
of electricity is required for the interrupter, whidi is toorked bu the same current as tne coil itscK. 
tOhen usino the interrupters with accumulators the frequency of rhe oibrations should be rathcr Icss. 
the contacts are subjected to oery little toear and the circuit is altoays closed comptetely and toilli 
perfect regularity. 

18. RpparahlS for the Use of High Tension RUematina Currents after tesia, d'Rr- 
sonoal. these appliances are used in conjunction toith spark coils, tohidi are suitably loorked bff 
mercury interrupters but are also aoailable for ttse toith plattnum interrupters. 



2. R. Jung, Heidelberg, t2 candhausstr. 

(See also SectionVc.) 

1. Förster's Perimeter, considerably improoed, on metal foot, toith reliable mooing meduinis» 
and reooloer for floe colours and four sqtiare sectors. Tig. t. 

J. Priestlei|-Smith*s Perimeter, utest form. Tig. 2. 

3. Registering Perimeter, new form. 

4. Förster's Disiometer, with neto diaphragm mooement. 

5. Priestley-Smith's Ophthalmological Hand-lamp, £eber*s improoed modlflcrillp. 

6. Rindfleisch's Shiascope. 
T. Ideiss's &rophthalmometer. 

8. Fich's Ophthalmotonometer, with Koster*s reticuie. 

9. Ideiss's Demonsh^ation-plate, with four diagrams. 

* 

10. thoma'S Plate for the microscopic demonstration of the circulation of blood in the mesent(f| 
and Omentum of dogs and rabbits. 

lt. thoma'S Frog-plate for the microscopic demonstration of the circulation of blood in thc 
mesentery. 
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t2. Hand Centrifuge, toorking at 4,000 to 6,000 revoluKons per mimitc, toith cooered geaHns^ 
and guard 00er Hie fotir cylinders of abotit 40 ccm capacity eatfu Tig. 9. 

t3. Rotating Rpparatus ror one Urge or three small cotoured dislis. Speed 4,000 to 6,000 re ^ 
votuHons per mmute. Fig. 4. 




Fig.S 

t4. Cdinger's Model of the upper spinal cord and the medulla oUongata. this 
model shoios fhe struchire of the organs magnided 25 Hmes and is closely based upon ttie 5th edihon 
of £dinger*s **rioelne Techires on the shiichire of the central nemous organs." Tig. 5. 



3. Tdax Kohl, Chemnitz [Saxon^]. 

(See also SecHon VIIl.) 

Röntgen Desk Cabineh Ihe intermediate porHon of this cabinet contatns a rotating inter- 
rupter, an ampä^emeter and a spark stand upon a white marble slab. A stout framed pane of plate 
alass slides inro the upper part, while the cabinet is open, and constitutes the couer of^this secrton. 
the upper section is Rtred with four drawers tined witn fett for Röntgen tubes and a flat drawer 
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ora lumitums screen tiaoing a surface of 90x40 cm. Beloio the table top the cabinet contains on 
lif rioht hoo current regulators for the inducHon coli and the rotaHna interrupter respecHoelu. 
Ugulation is etfecUd by means of hoo sliding buHons sihiated abooe fhe table top. On the lert 




r the cabinet is Rtted loith a dratoer for conducting loires, an oil-can, &c. The loioer cup-board 
toins the induction-coil. Ihe cabinet is surmounted by elegantly fitted incandescent lamps, one 
19 white, ttie other red. Iheir stoitdies are situated on the right side of the cabinet. 

ir 
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4. T^ilh. PetZOld, teipzig-KZ^ 6 Schdnauenoeg. 
Physiological Inshiimcnt Flaker. 

CudlOiQ's Kymooraph loUh roUcrs for fndless paper. the general form of £udiotg*s destgn 
is reUined, but the folfoioing modificaHons haoe betn introducedi^Trotn Ttg. t i\ loill be seen thät 
the fbred angularity of the q^Under frame has been repUced bu an adjustable fratne of hoo parts, one 
of lohitfi is Rred, lohile the other, or upper part, cati be rotated about the main drivitig spindto loithout 
in anu loay obstructing its mooements. 

Ihis part has Rrmlu attatfied to it the hrame lohitfi carries the q|ltnder, the apparatus fbr auto- 
matically raising and foioering the latter and a friction loheel. The loioer, or fired, angle disk has 
Roe nottfies cut in its circumference. The upper part is Rtted loith a leoer and paiol Rtting mese nottfies. 




Tig.l. 

Hs soon as the paiol engages into the desired notdi the leoer should be sliahtly pressed agatnst the 
notdi so as to ensure a firm grip. By this means the q^Under may be made to occupy the folUnoing 
positions: totoards the left horizontally, obUqueli| and oertically, totoards the right obtiquely and hon- 
2ontaUy, and tohile mahina these dianges there is no need to unscreto the frame or to detadi the c^- 
linder. In addition, the frtction loheel is attadied to a long spindle fitted at the top loith a pinion 
mooement bu whidi it can be raised and lowered so as to graduallti shift the position of the friction 
wheel from rhe centre of the horizontal spindle to the ed^e of the frictton disk. Accordino to the position 
of the friction wheel the cylinder tums towards the nght or left. the adoantages of this arrangement 
are best appreciated u)hen the cylinder is used in its horizontal position, since (t can always be made 
to rotate in the proper direction with respect to the scribing leoers, whether it be on the rigtit or teft 
side. the connecrion between the rate ofdepression of the drum and its speed of rotation has in this 
Instrument undergone the foUowing modiftcations:^ 
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the old croum loheel on the main sptndle has been repUced bi| a loheel provtded loith four tooHied 
screios. the scrno-spindle, h^ lohidi the drum is raised and lotoered, is fttted loith a small loheel lohidi 
cm be tnooed so as \o tngage In one of the toothed rims. A scale facilitates this adjushnent, and thc 
mcdianism is relcased automaHcally as heretorore. 

the gutde-piece for the drum is sihiated belou) the latter and a button at the side prooides tot the 
mooement bu hand of the screw-spindle and drum, so as to place the latter at any time in its highest 
posiKon. Rrter unscrewing a milied head the upper arm can be tumed on a hinge so as to attadi 
or rtmooe Hering's loop. 




Tig. 2. 

the plate of the frame carniing the drum has attadied to it a plate Rtted with two uprights and 
a oross-piece supporting two rollers running between points. Fig. 3. Both rollers are constrained to 
rotmtc ar dissimilar speeds. The left hand roller has a certain supplu of ribbon paper rolled upon it, 
the free end passes round the drum and is clamped to the other roller. Hs the drum tums the tra- 
cina paper is rolled upon the other roller. 

the whole apparatus together with these roller ftttinos can be tilted and the position of the latter 
reoersed when tne apparatus is tilted in the opposite dlrection. 

the amount of the doumward mooement of the drum is indicated bu a millimetre scale. The dianoes 
in the rotating speed of the drum are eflTected, as heretofore, by altermg the position of the frictton 
loheel or by means of the diange wheel nearest the crown wheel in the drioing clodi, also by loosen- 
log the coupling on the main spindle. 

Bt| these means the cylinder can be made to rotate at speeds oarying from O.l to 350 mm per second. 



5. Psychiatric Clinic of 6iessen. 

t. Prof. Sommf r's Rpparatus for thf Ihrff-dimensional Rnalysis of Crprfssional 
MoPftncntS of thf Hand, made by Schmidt, medianician, 6iessen. Tig.l. 

2. Prof. Sommer's Rpparatus for thf thrff-dimfnsional Rnalysis of Noofttiftits 
of thf Cfgs. Tig. 3. 
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9. Prof. Sommer 's Rpparahis for thf 6faminaHon of thf Puptts, lotm mcans ror mum^ 

ing the sHmulus and i\s ttfecl Accessory:^R rheostat for tnodihiing Hie opHc sHmulus. Tig.}. 

[R descripHon of Hiese instrummts is contained in the £ehrbuch der pst|chopathologischra 

Unrersuchungsmethoden by Prof. Sommer, of 6iessen, pp. S3 \o 159.) 



f 





Tig.l. 



Ti9.4. 




Tig. 7. 



Tig. 5. 



4. Dr. Rlbfr's Rpparatus for Rfsotoing OpHcal SHmulL rig.4. See Rrchio für 
Psychiatrie und Tleroenhrankheiten, Berlin tS9S. Dol. 50. Tlo. 3. 

Instruments Tlos. 3 and 4 haue been made by 6. Hempel, medianidan to the Clinic. 

eto«o«o«o«o«o«o«o«o«o«o«o«o«oteto«etoteteteteteteteteteteteteteteteteteteto«moi0( 

6. Siemens & Halske Omited, Berlin. 

(See also Sections IV, Va and VI.) 

t. IndUCKon Coil oimna a spark of 20 cm, mounted on mahogany case with condenser, com- 
mutator, Deprez contact-breaker u)itn interdiangeable platinum double contact and double primaru tfind' ; 
ing, adapted for worhing both with the Depres or mercury interrupterandaUehneltcontact-mrcaker 

PfS-i). 
2. IndttcHotl Coil gioing a spark of 90 cm« simiUr tn construcHon to no. t. 
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9. InducHotl Coil gtoing a spark Of 50 cm, simtUr in construcHon \o no. t, bur loiHiout 
rpr cz intemipter. 

4. InducHotl Coil gioitia a spark of 30 cm, mounted on base loithout condenser, loith primani 
inding, adapted for the WtnntU interrupter otily. 





Tig.!. 



Ti9.4. 





Tig. 2. 



Tig. 5. 



5. Mercuni Dibrator on mahoganu board loith double armed balance beam, \o loork toiHi a primary 
nirrrnt of \2 \o 50 ooUs and adapted for conHnued loorkina. Ihe apparahts is appropriatelu put in 
Hk Circuit of the primary coil, the frequtncu of interrupfions is reoulated bv means of noo stl- 
scraos, whitfi oary thc duraHon of the contacr in the primani circuit (Tig. 3). 

8. lOf hnflt's OfCtrolytiC Contact-breaker for conHnuous and aUemaUng currents, 
loiHi cooler and easilu adjustable anode for regulating Hie shrength of the current and the freouency 
of the intemipHon wirhin oen| wide limits oari|ing from 50 \o 3,000 interrupHons per second. Rdapted 
br direct uiorking at 50 \o 330 ooUs (Tig. 5). 

T. Rdtltgfn tubf lOith RdjUStablf Dacuum ror ordinary interrupters, of the Depres and 
nerntry nibrator type. By means of the phosphorus placed in an accessory tube the Röntgen tube 
cm be adjusted to any desired length of spark up to 50 cm (Tig. 4). 

S. Röntoetl tube ftor VithntWs Interrupttr, adapted ror a so cm spark, with arrange- 
ment for cooltng the anticathode. 
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T. Emil Sydouj, Berlin N.W.6, u nibrcchistr. 

nedianidan and OpHcian to thf Untotrsih) Ophthalmie HosfrilaL 
Seueral aioards, gold and sitotr mfdal, diplomas and certificates. 
Spfcialihi: Ophthalmie Inshumtnts, Ophthalmoseopes« Caningoscopes» Reflei 

t. Set Of Standard Test Ccnses or thc Utest, most elegant «nd most perfirct form. H 
aUsses are tnounted in siloered or giU fratnes. the nitindrial tenses are parttif oreyed as a« ai 
Unding their aies. The equipment (s complete and surnces for all purposes. Turflicr partiattars 
be round in the ftrm's calalogue under Ho. ITT. 

2. R Similar Set, in case made Ihroughoul of solid loaUiul, and fltted loith uiooden dtoisi 
RUenlion is draion \o Ihe improoed diopler scales tohidi are made of cellulold. 




Fig.l. 

9. Nilitani Speetade Test Case Ho. II, as suppUed lo Hie eerman Rrmv. nie case is v 
of oak. Fig. l. 

4. Hflmholt2*s Ophthalmometer. 

5. Törster's Perimeter, Pedrazzoli's Perimeter, Schtoeigger's Hand Perinu 

6. R Set of the tatest Refraction Ophthalmoscopes, named and arranged in elegant c 

7. Oarious Refraction Ophthalmoscopes. 

a) Rutomatic Refraction Ophthalmoscopes arierKnauer and Roth. Tigs.3and9. 

b) Refraction Ophthalmoscopes afler Schweigger, Knapp, Hirschberg, Burcha 
Haab, Candoil, de Wecker, Morton, Coring, Hoyes, £i|der-Borlhen andothei 

8. Ciebreich's £arge Demonstration Ophthalmie Nirror. PeppmfiUer's Den 
stration Ophthalmie Nirror. 

9. Skiascopes. Rolh*saulomaHcskiascope,aniplnhiedandusedinmani|hundreds. Schio 
ger*s skiascope; Hori*s skiascope; neusläller's skUscope; Rnlonelli's skiascope. 

10. Unioersal trial Spectacles and Simple lest 6lasses. Burchardrs universal 
spectacles made of aluminium, a greally approoed model Rlso Schuieigger*s,Rolh*s, 6ulman 
nackeTs, Unger's trial spectacles, and others. Tig.4. 

tt. Comeal £enses. £ehender-lOestien*s binocular comeallensrordirectcomealobsema 
the best binocular lens eftant; a similar binocular lens bi| 6ilhardt Schulie. Hartnack*s 
neal lens. 
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12. Schiof tagt r*5 Ofctricat lUuminaHng £amp for thf Cornta; rhe same loim uterai 

rUack lens, ic, vartous paUems. 

13. Roth*5 Sight tfsHng lUuminaHng Rpparahis. 7(9.5. 

£an|ngoscopes» Reflfctors, Eanjtur Nirrors. 



aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

$. 6. Zimmermann, £eip£ig, 2t emiUenstr. 

TOundt*S Chronooraph, for measuring a\remt\y small interuals of Mme, capable of reading 
secoiid, prtmarily designed for the shidu of psydio-physical processes. A drum 520 mm long and 
in in diamettr is drintn bi| a poioerful clomioork and may, by adjustable loeights and a fan 
vor, be made to run at a nuurimum speed of ten reooluhons per second. R micrometer spindle 
. synduronicallii loith the drum and hransporto an elechro-magneHc tracing apparahts consisnng of 
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a small hitiing fork, calibrated \o mähe 500 double oibraHons per second and ftHed lotHi a wrUmi 
style, and three pairs of electromagnets toith scribing points. 

2. CudlOio's Drum Kumograph, being a registering apparahis loiHi drum adapted (or usc 
both in the horuonUl and oerfical posmon. The drum can be raised bt| a slide achuted by a micn» j 
meter-screu) and \s lowered automahcally by the clodiwork. Ihe laUer prooides Tor a ränge of Ikr "• 
cume internal from 3 to 55 mm, and the speed of rotaHon may be oaried conHnuousltp from 2 scconds * 
\o Vit hours. 

9. Untotrsal Stand for Graphic Crpfriments in Phi|5ioloQt). this stand is adapted nr 
supporting and adjusting the distance of the writing apparatus from tne smoked drum and possesss 
the adoantage thar all scribing Instruments and time markers can be mooed up and down in the 



plane and adjusted both roughlu and by a micrometer-screw with respect to the drum, whilst the laltir 
mav u)ork either in the horizontal or oertical position. 

4. Piston Recorder with baUnced writing leoer, the fulcrum of whidi can readily be shifted wiHOi 
Wide limits. 

5. Mar et) 's Pneumograph ror registering mooements during breathing. 

6. Nareu's Tambour with detadiable holder for the scHbing leoers and monable fulcrum, fn 
registering oscillations in blood pressure, &c. 

7. Don Treu 's tonooraph, ror simiUr purposes. in this Instrument the rubber membrne 
is replaced bu a tut comigafed sheet metal bor, whidi possesses the adoantage of greater constanqi, 
durability and air-tightness. 

8. RtCOrding Nagnet, ror registering interoals along the respiratory curoes. 

9. Oectricallt) Naintained Spring, ror the same purpose. ^ 

to. Bernstein's Oscillatino Contact Breaker, ror actuating both Hmemarkers. rhisis- J 
strument posstssts the adoantage tnat, the sprino being graduated in terms or oibrations per second I 
and micrometrically adjustable by means or a scale, interruptions may be obtained oarying from 3 to j 
350 per second. 

tt. Unioersal Contact Rpparatus (Reaction time Chronograph), ihts apparatus sufRces 
to establish contacts gioing any internal and duration ^r time, e. g.: 
t. Rbsolutely instantaneous contacts. • 
2. triangulär rriction contacts. 

5. Rotating contacts ror permanently closing circuits. 
Ihe latter, bu suitable combinations, are adapted ror producing durations or contact nan|ing from 
immeasurable snortness to any length of time. 

12. Don Frey's Sphygmograph, for tracing pulse cumes, so constructed that the scribing 
leoer traces the pulse mooements either directlu from the pressure plate upon a specialis constructed 
clodiwork fitted with interdiangeable drums and registerino interoals of Vi second, or bi| a pneunuKc 
capsule, or by direct transmission upon any or the usual iii|mographs. 

13. FI in ot 's Rutomatic Flicrotomes. 

These microtomes are made in oarious rorms and si2es and haue been described as the best, most 
complete and most conoenient section-cutters. Ihey possess the following adoantageous 
reatures:^Rll parts are so solid as to be almost indestructible; the v-blodi mooes rreel) 
and unirormly and yet with great precision; the thickness or the sections is variable 
from Vt to 40, and, in one Instrument, eoen tOO micro-millimetres; the micrometer-screw is red auto- 
matically, the form or the instrument is adapted ror oery laroe sections, e. g. entire brain- 
sections; the position of the object is adjusted white wholly abone the knife, whidi is 
stationär^ and rired at both ends; the oDject can be adjusted in any position with the 
greatest ease; the sections are absolutely riat and are obtained quickly and without trouble. 

Model l is adapted ror cutting 40x40 and 40x50 mm haoing a thidiness of 55mm and fumishes 
automatically the roUowing ränge or thidinesses: 

Vjoo» Viw» Vioo» Vti» Vm and Vio mm» or, as erpressed in micro-millimetres, 
5, 6, to, 15, 16 and 20 microns. 

\f desired, this as well as all the other modeis, can be constructed so as to cut any other serics 
or thidinesses. 

Model II is of the same siie as Model I, but, in addition to the cutting strits or the latter, fumishes 
sections haoing thidinesses of t, 3, 5, 4, 5 and 6 microns. 
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Model III is adapted for objects 55x60x45 mm thidi, and is used like Models! and II, bul has an 
aAfitional frame for culHng celloidine preparalions toUh Ihe knife clamped in an oblique po- 
Am. this model furnishes sections of 6, 15, 20, 36, 55 and 40 microns and % l, l Vt • • • lo ^ microns. 

Model IV, stmilar in siie lo Model III and fitted loilh Ihe oblique knife frame; bul wilhoul Ihe 
«krometcr adjushnenl, whidi is nol required in many cases. U furnishes secHons of 5, 10, 15, 30, 
IS and 50 microns. 

14. Vlicrotome for Brain-sfcKons. new Modei. 

Model V, as suggcsled \jy Dr. 6. C. oan Ualsem. this inslrumenl possesses all Ihe fealures 
tflhe precedino modeis and, inaddition, isadapled for obtaining seclions of Ihe cerebral 
Imispheres, Ine ganglia of Ihe caudei cerebri on bolh sides and Ihe cerebellum, and, 
Icsides Ihe smallesl seclions, objecls of 115x165 mm can be cul. 11 furnishes secHons of 
ll> l, tVs . . . lo 6 microns and 6 progressioe Ihidinesses from 6 lo 100 microns. 11 is also well ad- 
ipled ror culHng celloidine preparalions. 

Model VI is adapled for large secHons of 115x165 mm only. Rnu of Ihe RUinos necessary for 
[odKng (Ine secHons are absenl in Ihis inslrumenl, so as lo reduce the instrumenflo its simplesl 
fbrm. n furnishes accordingly only Ihc coarser series of Model V, oii. 6, 15, 30, 36, 55, 40, 60, 60 and 
160 microns. 

15. tlOO netO SUding NicrotomfS wim aulomaHc reed, fransoerse or oblique slaHonary knife 
dinpcd al bolh ends. 

16. Burghart*S Rutomatic Nicrotomf» wilh a fransoerse or obUque slaHonani and a ro- 
taling knife, Ihe laller being inlended for fresh objecls. 

Rn illuslraled price-lisl and separate descripHons may be had on applicaHon. 



9. Rd. ZlOickcrt, Kiel, 25 üanisdiestr. 

Opticiati. Fledianician \o the Royal Physiological Institute of Kiel. 

6old Medal and Diploma: Kiel 1696. 6old Medal: Brüssels 1661. 

(See also SecHon IX.) 

1. Dr. Rpstein's Medium Sxzed Plankton Ret. this nel is adapled for ihe quanHlalioe 
oMitttg of planklon, Ihe organisms floaling arbilrarily in waler. U is drawn oerlically and Ihe amounl 
if (lllered waler can be esHmaled from Ihe opening of Ihe nel and Ihe deplh of Ihe draw. 

2. Dr. Rpstein's Small Plankton Ret. this nel is used Uke no.l. Uhen h^aoelUng il can 
omoenienllii oe carried in a knapsadi. 

}. Plankton Ret for Tish-pondS. U aller 's modiftcaHon of no.3. this nel is used like 
flis. t and 3 and seroes lo delermine Ihe amounl of nuh^imenl in fish-ponds. 

4. Dr. Rpstein's Surface Ret. this nel is inlended for qualitaHoe flshing. The malerial 
opttects al Ihe deladiable gauze closing Ihe bollom of Ihe budiel. 

9. Prof. Hensen'S Counting FlicrOSCOpe. this microscope seroes for counling Ihe quan- 
HlatiDftii dredaed organisms. Rllenlion is drawn lo Ihe ruled gtass plale and Ihe mooemenl of Ihe 
slage in hoo direcHons. 

6. Zuiickert*5 Counting Stage. Similar lono. 5, bul simpler. Rdaplable lo any microscope. 

T. Prof. Hensen'S Piston Pipettes for eih^acHng from a oessel conlaining Ihe well sHrred 
caldi a certain oolume (O.l, 0.3, 0.5, l.O, 3.0, 5.0 ccm) so as lo separale a definile porHon for counHng. 

8. Prof. Hensen*S £arge Filtrator, for concenh^aHng ihe yields. the yields of Ihe pUnklon 
nel bttdiets are placed inlo Ihe Rllralor and Ihe superfluous waler can be remooed. 
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VIII. RppUances for Chemical and Chemico- 

phijsical Research, Caboraton) and 

Educational Hpparahis. 



t. Paul 6ebhardt, Berlin C, e neue schanhauserstr. 

Nfdianidan and OpHcian. (Cstablishfd 1870.) 

Tactonj and lOarf housf for Scientific Clectrical, Optical and Chemical Instraments 
Rppliances for Qass Demonstration (Ihe Berlin £ducational Stores). 

Mechanics. 
Stand loith Pulln) Blodi, or metai. 

Rir-pump lOith tlOO 6lass Barrels (26x6 cm), Bablnet codi, totm disk st cm and mc 
gauge (Fig. t). 

Dasymeter. 

Magdeburg Hemispheres (ta cm), or brass. 

Barometer Test. 

Bourdon*s Tube. 

Hydraulic Press, or brass. 

Suction-pump. 

Redpient for Rir-pump (50x25 cm). 

Rotatino Nadline or fron, \o toork korliontally 
and oerticaui|. 

TOatt's Regulator. 

Bohnenberg's Rotator. 

Criometer after 6raoert, toUh dynamometer; 
after thaer-Kleinerh after Menzel; after Dr. S. 
Hartmann. 

Rcoustics. 

ttOO tuning-forks on sounding board. 
Simple Syrene. 

Cagniard-Catour's Syrene loUh counKng 
medunism (Tig.S). 
Saoart's liQheel-syrene. ^ = 

Reed'pipe lolth soundlng funnel and glass toindoio. ^ 
Pipe uüHi lonic Scale. Fig.!. 
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OpHcs. 

Ccrilegt Sptctroscopt loith cooered prism, fired sUt collimator, scale-hibe and telescope, adjustable. 

Polanscopt wUh ntcol prism, ntted toith pointtr, hoo dioided circles, graduated arc, Ittises and 
afstal-holder. 

Carge ConotM and Coticatje £ens on adjustable stand and mooable. 

Prism on stand. 

Nodel Of Nicroscopt, open, loith draioing shotoing path of rays, 

Medianical 6oniomrttr. 




V 



i 




Tig. 2. 



Tig. 3. 



Tig. 4. 



Heat. 



SfcHonal lüorking Nodel of oerHcal steam-mgine, cylinder loiih slide-oaloe gear, orcoihric, 
'Qttlator, Hironic nalne. 

I Uslit's Copptr Cubf. 

Ddbfrtlner*5 Camp in gtass cvltnder. 

IfDer-pyromettr together loith rour rods of difTerent metals. 

tpdairs ContracHon Rpparahis. 

nobilt'S Ihermo-flfCtriC IHlf, consisHng of so elfments on mooable and adjustable brass- 
*iul (Fig. 5). 

Wagnetism. 

Coad-Stonf« natural 

tMd'Siant^ mounted. 

HorSf-ShOf Magnet» triple Uminated. 

Compound Magnet, in case. 

Ibgilft Tleedle (ts cm long) wlth agate centre, on stand, in case. 

DccIiliatUm and Dipping Ileedle mitti agate centre, graduated circle reooloing in fork, adjust- 
Me h9 micromcter-scre» [Fig. 4). 
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£lectricih|. 

Coulomb's Torsion Balance ror magneHc and elccmcal aperiments in sradnalcd glafi m 

Rotating 6las5 Spherf. 

tangcnt 6atoanomfttr» copper ring or 53 cm dUmeter on polished nuhognqi slaiuL 

6atoanomfttr io»h asUHc needle, under gUss shade (Tig.5). 

Demonstration Rpparatus, currmt notoing round a magnet loiHi comnuitator (Fl9.l|b 

Rotating Magnet RpparatUS, in ttiree combinaHons. 

Rmp^re's Rpparatus arter Ueinhold, totrh aluminium electrodes, hoo Stands, tiM Mll« 

hoo bonoood cups. 

Carbon Regulator wim parabolic reRector. 

Dertical Demonstrating 6atoanoscope with hoo diflrertnt windings and adjnstaUccills (ni.f 

Oectromotor ror eeissler hibes. 

6eissler tubes. 

Oectrical Egg, bisected. 

Rhumhorff IndUCtion Coil, Smm spark, with commutator. 

Telephone Wodel (Pig. s). 






Tig. 6. Tig.I. Tig.$. 

niustrated catalogues may be had gratis on apptication. 
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2. Tdäx Kohl 
Chemnitz iSäxony). 

(See also SecHon VII.) 



t. 1;9einhold's EirptrimenHng table forteadiins 
inphysics. Tig.t. Ihis table is 4iii lono, 0.9 m high and 
O.S m iDtde. The table is of oak 40 mm midi and made up 
of framed pannels. the body of the table consists of deal 
frames and pannels; it is fttled totth eight draioers and 
hoo cupboards, a long narroto draioer Tor glass-hibes and 
a bradiet for placing burners astde. The table is Rtted 
loith gas and loater pipes, tioo sets of piping for a loater 
oacuum pump and a water blower, also two lead waste 
pipes, a draught pipe for gases and obnorious fumes, a 
warming diamber for electric apparatus, rtctssts for a- 
periments inuoluing the use of mercuni, a pneumatic zinc 
trough with outlef ualue, electric wire connections, two 
India rubber flaps and tube holes. All pipes are Rtted 
u)ith eicellent taps and are laid readu for connection 
through the floor. Ihe gas pipino includes a spedallti 
u)ide codi for fillin^ gasometers, the other gas-codis are 
Rtted u)ith curoed ntpples to preoent hinhing. Ihe cooers 
abooe the water outlets and the drauoht pipe are of 
iron and rest on iron rings so as to oboiate the incon- 
oeniences arising from warping. the cooer of the pneu- 
matic trough is for the same reason made to consist of 
a slab of slate. Ihis slab, as well as the cooer of the 
mercury-well and the warming diamber, are made to lift 
out by means of detadiable handles. Opposite the draught 
canal the table is Rtted with a slab of slate 54qcm 
so as to Protect the table hrom injuni durino the Per- 
formance of diemical eiperiments. the undersfructure is 
uamished. 

2. Bertram's IncUned Plane, rig.3, made entireiy 

or metal and adjustable so as to alter the direction of the 
pulling force. 

9. Nodel of the Hydraullc Press, rig. 9, consist- 

ing or a glass barrel Rtted with oisible oaloes. the com- 
munication pipe is erposed to oiew, and the large cylinder 
is Rtted witn a safety oaloe. 

4. 1;9elnhold*s Torrn ofPascars Rpparahis 
for erperiments on the hydrostatic pressure at tne bottom 
of differently shaped oessels. Tia.4. the beam has on 
one side a top pan so as to facuitate the interdiange of 
the oessels. 

5. HudrostaKc Balance, rig. 5. this baiance is 

Rtted wirb beam and pan arresters. the case can readily 
be urted off after tuming two fasteners and is Rtted 
with badi and front sliders. the baiance is sensitioe to 
5 mg and carries t,000 g on eadi pan. It is adapted both 
for speciRc oraolty and other accurate weighing. the 
eouipment or the baiance includes a Short pan and an 
adjustable support for hydrostatic eiperiments. 
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Ti9.2. 




Tig. 3. 



6. Syphon Barometer, Tlg. 6, mounted on a heaoy eboniied board. the hibe is stout, 
boiled our and Rttcd loiHi a hiscd-in point and ebonite stopper for \h€ safe renumal of Hie 
Die Scale is nude of bonoood, i\ is mooable and dtted with hoo diopters. 
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liiicf and OpHcs 



TI95. 
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7. Tortitl's StaHonanj Barometer, rig.!. the htbe \s tsrnm lolde and conUtnfd r 
tnetal casitig. R vemier moved bu a scrno adtnits of Vm mm bring read oflT. the loioer leoet of 
mercuni is adjustable by an eleoanng screio. 






Fig. 6. 



Tig. I. 



Tig.s. 



8. Model of a Force Pump. Fig.S. the dimensions of thismodel are sudi as \o cleartu s\ 
the acHon of the pump, and the monements of the nalnes can be folloioed loith great ease. 
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9. nodd Of a SucHon Pump. rig. 9. thts modf l \s nWtd with Urgf parts and appropriatf ly 
conslruclfd oalofs so as to cUarly demonstratf thf acHon o( thf pump. 




tO. PrOJecHon tantern for Electric £ight. Tig^O. this lantfm ts nned toith an automaHcatly 
rrguUHna arc-lamp for conHnuous or aUemaHng currents. Ihe luminous point can be cmtrfd by 
means or a beodlfd hfad. Ihe Untern is fitted toith a Short detadiable opHcal bendi for thf projfcHon 
hfad and the objfcts lohidi arf \o bf shoton on thf screm. 

tt. Bianchi's Rir Pump, rig.ll. thf barrel or thts pump bring of gUss is not lUblf to 
oridation whilf not in usf. 1t is double actina and fitted with a Babinet codi. Both oaloes, in 
contradistinction to older types, are ptaced outside the barrel so as to facilitate the process o( cleaning. 
thc pump produces a oacuum o( 3 mm on the mercurial pressure gauge. the plate is fitted with elec- 
trodes communicating with the interior o( the receioer. 

t2. Hir Pump U)ith TWO Barrels. Tig. ts. the barreis are or glass so as to oboiate orida- 
tion lohen the pump is not in use. Ihe oaloes are situated outside the barreis and can easily be 
cteared. the plate has a diameter or 350 mm. the pump is fitted with a Babinet codi and reduces 
the pressure in a oery Short time to 3 mm. 

15* 
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13. Helmholtl's Double Syrene« drioen by an decrromotor or adjusUbte spced. %t3 
apparahis is adaptf d for determiniim Hie number of oibra^ions of Single sounds, fbr fTrodudiig 
bfats and Compound toncs. Uhen rhroion into gear Hif counting apparahis closcs an flectric 
tohitfi causes an ftectric clodi \o bfat stconds. 




t4. Helmholtz's Tuning Fork RpparahlS for producing £issajous*s curoes and (c 
caUu dtmonstrahna thf oibraHons of hoo runing forks. Tigs. 14 and 15. Ihe forks are in 
flf cfroma^nf ts and can be madf to oibratf in a oerticat or horizontal plane. Ihe curoes nuy 1 
by renectton at carefully poUshed steel mirrors attadied to the legs as well as by tracings. 1 
rahis includes a set of forks fitted in an elegant case. 

tS. Small Stand U)ith Seuen Tracings made by the preceding apparatus, for demo 
on the screen. Tig.l6. The curoes erhibit the foUowing phase differences: 1:3, 2:9, 9:4, 4 
5 : 6 and 95 : 96. 
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t6. Paut £a Cour's PhoniC 10heel. ri9.IT. the phonk loheel consists of a holloio loooden 
haoitig attadied \o its cirdtfnrerence 20 soft iron armahirfs rotaHng in front of a horse-shof 
flectromaonft nrcited b^ a current lohitfi is rendertd intermittent by a hinino fork. ConHnuous 
rotahon !s establishfd as soon as the spfcd is sudi that the armatures pass the electromaonets at 
the same rate that the circuit is closed. the periodicity of the fork can rhen be ascertained by the 
CDunting dials. 





Tig.ia. 



Tig.lS. 



tT. Deinhotd's DrmonstraKon 6oniomettr. Tig.tS. Ihe goniometer can be used in a 
horizontal and oertical position as a means for demonstrating the latos of refiection, refraction and 
dispersion, for determinlng anales of prisms and refractioe indices; it is aoailable as a goniometer 
and spectrum apparatus, and for spectrometric erperiments and spectnim analysis. the accessories 
include a cenh'eing stage for cn|stals, a mounted plane mirror, a toater oessel loith slit, a slit loith 
illttminating mirror, an Inder, ttoo lenses, a coUimator tube, a telescope, a prism of heaoi| flint glass 
having sides of 45 mm and a Spanner. RH these parts are contained in an elegant case. 

t8. Bruno Kolbe's Refraction RpparahlS, rig.l9, for erperiments on refiection at plane 
mirrors, refraction of light tohen passina mto a denser medium and conoersely (air-glass, glass-air, 
toater-air, Ac), total refiection, refraction m parallel glasses, minimum deoiation, refraction in prisms 
and lenses, refiection at cylindrical mirrors, kc. 
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19. Ccns Stand, Tig.30, adaptfd as a hotdfr for unmountf d laisfs of uarious diamfters, concaoe 
^ lodl as conoer. Iht Icnsfs can bc raisfd or lotocred. 

20. nodet of a Theodotite, rig.^l, with uertical and homontat ctrclfs, thf UHer bring adaptfd 
[or repcHHon. the circles are dioidfd into 560** and read \o %"" by ofmiers. thf fyepiece is ad- 
Mible by radi and pinion and is RHfd toith a prism and sun-glass for astronomical obseruations. 

2t. SdlOOl Spectruttl RpparahlS. Tig. 33. thf apparatus is fquippfd toith a hfaoy flint prism 
of 60^ haoing a dispersion of j\ a slit collimator and tflfscope hauing an aperhire of 3Tmm and a 
scalf and comparison prisnu 

22. Polarizing RpparahtS. Tig. 35. thts apparahis is nUfd toith a poioerfut System of laises 
for maonifiiing the aviai images and has an erceptionally targe fleld. Ihe poles of the rings in sul- 
phite or sodium can both be seen simultaneously. 

23. Prof. Dr. Friedr. C.6.nälter's Heliostat. Tig. 34. this neto heliostat possesses the 
great adoantage of being oery easilu set up. The edge of the loioer frame is ptaced parallel to the 
meridian, the heliostat is then levelled by means of the elevation scretos, and the plumo-bob and the 
hands of the clodi ire set to time. the upper mirror is then inclined so as to cause the centre of 
its pendl of raus to fall upon the lower mark. Cross wires are clamped upon the upper mirror for 
findtiig the centre of the pencil. lOhen the position of the lower mirror is sudi that the pencil of rays 
fiUts mto the room the idjustment of the Instrument is complete. 
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Tig. 35. 

Arnmgrmciit tor poUrlsaHon in cottvcrgoil tight. 

24. Prof. PaalZOto's OpHcat Bendl. rigs.3$to90. this apparahts is adaptf d rot 
ing nrperimfnts:—^ 

1. Double rffracHon and potariiaHon in parallel and conoergent light 

2. Demonstration of spectrum phenomena. 

9. Demonstration of microscopical phenomena. ttiese are readilu understood as the patt 
can be follotoed throuahout. the apparatus is equipped loith all requisite accessories, 
prisms, set of glasses, dUuK mirror, condensers, kc. 




AnusoBciit hr double rdtacHon. 
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Arriiigniini» for drmons^raMng mlcroscopic phraomeni in poUriird light 




Fig. 2S. 
Rrrangrmriir for poUrluHon voith cotumn of gUss pUtrs and bUA mirror. 




Tig. 30. 
Amngeninit hr spcctrum phcnomcni. 
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25. Rpparahts for Rscertaining the Density o( Steam b^ Duinas*s mfthod. rig.!!. 

A sumcienr quantity of the Ruid under eraminaHon is evaporatf d in bulb k so as \o compUtdu IUI < 
it loith oapour but no Huid should remain in the bulb. the latter is then closed. the ouanHry rf 
oapour is then ascertained by toeighina, alloioance beino made for the air displaced by the oapotar 
tohence the quantity can be found lohtdi the bulb would contain at 0^ C at a pressure of T60 mn. 
the capacity of the bulb is ascertained by weighing. 

26. nodel of MolfCUlar Naanet suggested by 
von Beeti for erperimentally demonsfrating the Rmperiaa 
theory. Tig. 92. 

2T. Dipping Rpparahts toith Reuersibte Reedle. 
Tig. 33. 

28. Bruno Kolbens Electrometer. Tig. 34. this 
electrometer has a mica Quadrant dioided into degrees 
and interdungeable aaainsr another scale graduated in 
terms of oolts. the electrometer casing is made of metal 
and can be connected to earth. the front and badi are 

?tlass pannelled so as to render the Instrument aoailable 
or projection on the screen. the aluminium foil is sus- 





Tig. 3!. 



Tig. 32. 





Tig. 33. 



Tig. 34. 
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Mdcd bn a pcculiar meHiod lohidi rmders (he elfctromfter ertrtmdv sfnsttiof . thf condtnsfr can 
V TtpUctd b9 a holloio spherf, and an ebonite plug loith a paper strip can bf substihitfd for Hie 
liig «ith aluminium foil. 




Tig. 35. 



29. Weinhold'S Reflechng 6atoanometer. Tig. 35. this Instrument is fitted withröpler's 
adjustable air damping arranaement, an astatic needle and diät pointer, an ercellent mirror for reflection 
on the Scale, outer case witn lens and a 
bobbin hauing wound upon it two separate 
vires 1 mm thidi (tuiiiing a resistance of 
aboul 1.S Ohms) and two sections of wire 
0.2 mm thidi (Itauing a resistance of about 
1000 ohmsl. the ends of both coits are 
Joined to ihree terminals whidi are con- 
nected with three binding screws situated 
near the erperimenting table bu three wires 
haoing a thidiness of 2 mm. By reason of 
this arrangement either the coarse or fine 
toinding can be used without in any way 
altering the oalnanometer. Ihe eract re- 
sistances of the two coils are noted on 
their respectine bobbins. Ihe galoanometer 
together with the lamp is placed upon a 
bradicf suspended from the cetling, the scale riq 3$. 

being mounted on the opposite wall. 

30. Shunt for the Reflecting 6atoanometer. Tig. 35. the resistances are so calibrated as to 
allmo 0.9, 0.1, 0.03, O.Ol, 0.003, 0.001 of the current whidi is to be measured to pass through the gal- 
oanometer. 
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3t. DerHcal 6atoanometer. 7(9.91. the magnet rtsts toith its sied knift-edges upon sMl 
bearinos. the coil is loound in hoo secHons, one consisHng of stout loire for Hiermo-eteclric cinrents» 
Hie otner of (hin loire for tneasuring resistances. The coil can be raised and Unoered so as hi regulale 
the degree of sensiHoeness. the pillar htms on the h'ipod and can be Ried by a damping screu. 
Both scate and pointer can be seen a long loay off., 




Tig. 31. 



Tig. 3$. 

Rrrangemrnr hr hislng mcUt in the magvcHc 



32. Clectromagnet for all electro-magnetic and diamagnetic erperiments. Ttgs.3$to4t. this 
electromagnet is auailable for erperiments on the behaoiour of diamagnetic and paramagnetic bodies» 
rotation of the plane of polariiation, Separation of the aureole and sparks, diamagnetism of flames, 
the damping actton of electric induction (l9altenhofen*s pendulum), heating efrect of Toucault 
currents, the generation of Toucault currents, as demonstrated by Toucault's disk and tyndairs 
rotating coin apparatus. 




Tig. 39. 
Amngrmciir hr roUHon of pUvc of poUrlsiHon. 



SecHonVIll. 




Tig. 40. 

Arrangcmnit tor dUmagncHc eiperiments. 
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Tig. 4t. 

Rrnngemcnt r«r Tyndall's rotaHn( coin npcrlawat. 




Tig. 42. 
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33. Rtnp^re's Stand. Tig. 43. rhis is a nno arrangtment of Rmpttt's stand, tohlA 
siderablii mhancfs thf succfss of the nrperiment. Ihf main stand can be made to turn on Ikch 
and is adjustablf by Irodling scrnos. Ihf wirf floures are nude of aluminium and Hpild 
siloer; the flgures include a simple quadrangle, a doublt astatic Square, a wire ardi, « SMHJ 
coil of wire, a mercury cup with hoo concentric rings and a partitional mercury cup. 7i 

J 




Tig. 43. 

RoUtoni fltld apparatus. Frrrarls's coli for two-phasr oirrcnts. 

34. 13 ein hold 's Rpparahis for DrmonstraKng Itoo and Ihree-phase Cnt 
Tigs. 45 to 46. Ulis appararus is beautifully adapted for all erperiments with hoo and thm* 
currents. Ihe current is supplied by a few accumulators or Bunsen cells and transformed tadi 
phase or three-phase altematmg currents. Ihis current is passed through a Terraris coil or 1 

rings and there imparts a syndironic rotatory mooemenl to n 
needles and iron disks, or asyndironic rotation to an iron ring v 
with copper wire. Ihe lines of force of the rotatory fleld mai 
be demonstrated with the aid of a glass disk upon whidi iron i 
haoe been sprinkled. 





Tig. 44. 
Terraris thrcc-phasc coiU 



Tig. 45. 
Tcsla thrrr-phase rlr.0. 



Tig. 46. 

trsla riii9 for hoo-phasr 
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35. nodel of an Rsynchronu: Three-phase Motor. ri9.4T. 

36. Wedel ofa Siemens Drum Rrmahire. 719.4$. tws 
tnodd denumstrates Hif modf of toinding the armahire. Ihe latter 
is made to rotate by thf passage of a current. 




Tig.4T. 



TIg.4$. 



31. SeCOndary Batten) for collcgf usf. Tigs.49and50. rhis bancry is fitted with a suiifdi, 
I mcans of ishidi thc cdls can bt coupkd up In mulHple arc. in groups and in series. R battery 

of sif cf lls suppUes at the user*s opHon a cnr- 
rent of 2 ooUs and 24 amp^fs, or 4 oolts and 
t2 amp^es, or 6 oolts and $ amp^fs, or t3 ooUs 
and 4 amp^es. Ihe celts are contained in a 
polishfd bor, the badi of tohtdi can be openfd 
so as \o inspect the cells. the baHery is 
diarged either front a continuous current plant 
loith the interposition of a lamp resistance or 
by three Bunsen. cells. 




Tig. 49. 

Tront oiew. 





Tig. 50. 

BaA oiew (opcncd). 
IMftaicf and Optici. 



Tig. 5!. 
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38. Sflenium Cell. Fig. st. thts cell demonstrates in 
a beauHful manntr the dtminishing influence of Ught upon 
the resistance of selenium. Uhen three dry cells, the st- 
lenium cell and a sensiHue elechic bell are joined in a Cir- 
cuit, the bell sounds loheneuer the couer of the selenium 
cell is opened so as \o erpose the laller \o the acHon of 
the sun's rays, bul il ceases ringtng as soon as the lid is 
closed. 





Tig. 52. 



Tig.53. 



3 



39. 2ichlfr*s Tube for Photo-elfchlc Telegraphy. Tig.52. Eickier'spholo-eiechicnifHiod; 
of telegraphti is based upon Ihe fact (hat in a sparh gap Ihe sparh passes in the presence of ullra-Diolct 1 
radiation and ceases upon ils remoual. the spark gap \s enclosed in an erhausled glass htbe haoinga' 




Tig. 54. 
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larii loindoio at one end. R mouable quartz lens \s Rtted in front of this loindoto so as to collect 
le ultra-oiolet ravs on tfie cathode. 

40. VlacTarlan Moort's Dacuum Dibrator. 719.53. rhis is a pUHnum mbrator en- 
losed in an erliausted glass tube. ttie uibrator is set in motion by an electromagnet. Currents of 
1 Dcni liiQh Potential are induced mithin the electromagnet, by reason of tfie interruptions and ttie 
xtf-tnducnmi of tlie coil, tfie potential being sufRcientlti intense to render oacuum tubes incandescent. 

4t. Rpparatus for Demonstrating Marconi's Idirt less lelegrapht). rig.54. nie trans- 
■itter conststs of a Righi radiator, the receioer of a sensitive coherer, a battery of four dry cells, a 
poUriied retais and a knodier. Both the transmitter and receioer are contained in a portable case 
tohidi can be opened at the top and at the sides so as to render the apparatus accessible. 

<taaaaaaaaaaaaaaaaa€$aaaaaaaaaaaa 



3. R. Krüss (Proprietor Dr. Hugo Krüss), Hamburg, 

T Rdolphsbrütke. 

established tT96. 

OpHcal Institute: Spectrum Rpparatus, Prisms, Photometers, Projection Rpparatus, 

Sciopticons, £antem Slides. 

(See also SectionsVa, Vb and Vd.) 

t. Colorimeter after C. H. W 1 f f. Fig. l . 

2> Colorimeter loith £ummer and Brodhun's prism. Tig. 3. 

3. Polariiation Colorimeter with 6 rosse *s prisms. Tig.3. 





Tig. 2. 
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4. Ridiard Müller-Uri, Brunswick, 

t9 Schteinitistr. 

Makcr of Pht|sical and Chemical Cecture Hpparatus. Instrammts and RppUances fat 

Scimtific and tedinical Caboratorits. 



^ 
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Tig.!. 



Ti9.J. 
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t. Prof. R M8Uf r and B. Schmidts Rpparahis for lUustrating Clectrical by Rir 
Currents. Reg. in 6crm. no.tt2,S95. Zdtsdirtrt für den physikalisdien und diemisdien Unterridif 
tS00. Ilo. S.-'ProQramme of the Royal 6ymnaslum at Uurien, easter tS00. the object of Hils apparahts 
is to lUustrate Sy concrete means the laws subslsHng behoeen the phenomena of the strength of a 
current, reslstance and electromotloe force. the apparatus Is a rapid and complete ald in the fbr- 
mulatlon of clear fundamental notions, and thereby radlitates the adoance, within a limited period, (9 
the deeper and more complicated dupters of the subject. Tig. t. 

2. Charles R. Cross's Dacuum Scale, on special stand, as described in the ZeitsdiHftßr 
den physikalisdien und diemisdien Unterridit Uol. t2. Ho. 4, being a series of siy tubes gioing a cleir 
notion of the progressive rarefaction of air as obserued in the tube connected with the air-pump. 
the foUowing phases of rarefaction are demonstrated by their diaracteristic phenomena, oii.: t. 40 mm 
pressure by a luminous thread (de laRioe); 2. 10 mm pressure by its dissolution; 9. 6 mm pressure 
by the production of a 6eissler oacuum; 4. 3mm pressure by stratiRcation; 9. 0.14 mm pressure b) 
the production of a tesla oacuum; 6. 0.09 mm pressure by the production of a Crookes or Röntgen 
oacuum. the stand is adapted for demonstrating the tubes botn conjointly and consecutioely. Tig.1. 

3. Röntof n Tube loilh £ateralli| Distanced Rufillaru Rnodf (Refiector). Reg. in Germ. 
!lo.tt9,4T4. Being a combination of a cylinder and cone it can be brought mudi nearer to the oMcd 
than the other tubes now in general use. the tube can be used with weak currents onlu. tt gmcs 
eicellent results with a current of l ampä^e and tO to 16 oolts (as obtained with an induolon cott of 
to cm sparking distance). Tig. 9. 

4. Cenard tube for Obserüing the Effect of Cathode Rays, mlth ground-on nacuum dumibcr, 
ready for eoacuation. Rnnalen der Phusik und Chemie n.T. 1194. the fbre-dumber admits of Ob- 
servation both in oacuo and in Spaces nlled with any gas. this tube is also made mlth a ground-in 
cathode so as to admit of the interdunge of nariously rormed elech'odes. Fig. 4. 

5. tesla transformer loithout Oil-isolation, modiried after eister and eeitei this con- 

shruction oboiates the inconoeniences attending the Immersion of tlie appliances in oil, tohilst In acHon 
it is considerablu more powerful. By its simple, solid and accessible form it is a naluable and interesting 
educational insfrument. R series of beautiful oacuum appliances has been spedatty construded (br 
this inshrument. Tigs. 5 and 6. 

6. Rud. Tranhe's Dacuum transformer, for altemaHng currents of nery high tension and 
smaU intensity. Rltemating currents are h^ansformed into continuous currents on the prindple of 
Hottf*s tubes mith blown-in glass funnels. Fig. T. 

T. Dacuum Dibrator and £uminous tubes after macFarlanmoore. eiekhrotedinisdie Zeit- 
sdirift tSOO. the interrupter being transferred into the oacuum space the frequency of ttie interruptions 
is considerabty increased and scarcely any power is required for keeping up the osdllation. tliere is 
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secondaru toinding on the electro-magneHc bobbin. Iht Ught of the uacuum htbes requires only 
SOthparf of the cnergii necessitated by an incandesccnt lamp of similar luminosihi. the whote of 
tk connecHons are erposed to oino. Tig. S. 

t. thomson's Dacuum Tube for Secondani Cathodf Rays in the shape of a double 
If. the hibe is of great interest for the study of the phenomena of disdurges in high oacuum htbes. 




!^^**äSüi^^^ 



Tlg.5. 





Tig,e. 



Tig.T. 



Tig.S. 






Tig.0. Tig. 10. Tig. II. 



Tig.tJ. 



Tig. 13. 



t. Clstfr and 6f itel's Dn| Pile wm intensifying screw, Suspension stand and pole-needle 
p slMNlnilng the column. If carefuUti treated the pile will endure for an unlimited period. It should 
'it Icpt 5iispeiuled in a dru room. It displaus of all piles with copper and 2inc elements the highest 
^ittigr(iiplo450nolts). Tig.0. 

tO. DoUzaUk and Rernst's Dn| Pile. Zeitsdiriftrareiektrodiemielll.l. the copper and ilnc 
VnuvH are here replaced by a combination with a powerful depolarizer (electrolt|tic perovide of lead 
M Hat, Us power is eitraordinarilu high, tensions of manu hundred oolts being obtainable with 
«CS of sautt thidiness. Tig. 10. 

tt. BoltUIOOd*S VIercurial Rir-pump with automatic mercury eleuator, preliminary suction, 
acnm gnigc and stand, the best of modern drculating pumps. Tig.ll. 

tS..Branli) and Marconi Coherers. 

t3. Scrial TUUng Piptftes after Prof. Dr. Hugo Schnitze, for accurately and quidily measur- 
M§ «ff sdtitHons in continued series of analyses of one hind. this form has proued eminentlti useful 
m tmr laboratories. the apparatus has two Rne glass-codis, a reseruoir of l to 2 litres capacity and 
m IHitbcs for drying the mflouiing air. Tig. 13. 

14. Rapid S(erilizer for Bandaaes, with double Jadiet and concentrlc double storing water 
kmeL Reg. in Germ. Ro. 91,2 IT. the sfeam current is maintained at tOO® C. in all regions of the internal 
h—fcfr pO^OO cm and (Ox2Scm respectioely) by the rising heating gases in the double casing. the 
muMm/IBttm of toater bdng oery small, the apparatus is aoailable ror continued use. Tig. 19. 

Jf» Sei of Prof. Dr. Rf inhf 's Ihermometers and Rrtometers and appUances for agd- 
^ iicmisiry and fermentation laboratories. 
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5. Julius Pintsdi, Berlin 0., n/u Rndreasstr. 

6Ülcher's Ihermo-elfCtric Piles heated by gas. ParHcul«rfy{ 
adapted as current gentrators for toorking inducHon coits in connecHo« < 
loitfi Röntgen erperimenb, &c. 

rheu are ercellent Substitutes for aalnanic cells, since tfiqi posscss j 
the rollowing aduantageous reaturesi-^rhe 6.RF. is constant; UrHe gasi 
is consumed, whtle tne efRciency is nen| high; there are no fitmes or^ 
smell, and interruptions in working do not occur. 
Rgents for Trance: Messrs. S. 6rauer k Co., T4/T$ Boulevard Ridurd £enoir, Paris. 

- Belgium: Messrs. S. Grauer & Co., 3M nie de la Rone, Brüssels. 

- England: Messrs. 0. Berend&Co. Ctd., Ounedin House, Basinghatl Rvenue, £ondon, CC : 

6. Tr. Sdimidt & Haensdi, Berlin S., 4 staiuchreiberstr. 

Optical tOorks. | 

(See also Sections Va, Vb and Vd.) 

the colortmeters, Uke all other Photometrie appliances, include two essentiallti dtfTerent parts, oiz. 
an element for comparison and a measuring or moderating devtce. In the colorimeters the comparisim 
element conststs generali^ of two Tresnel parallelepipeds and a lens haoing the line separattng the 
comparison fteld in its focal plane. In the measuring deuice the same fundamental idea undmiei 
the construction of all colorimeters inasmudi as the two comparison ftelds are illuminated ttwragli 
the substance of two absorbing strata, the depth of one of tohidi can be oaried until both Relds appear 
to be equally bricht and similarly tinted. 

the delicacii of the adjustment is considerably enhanced if onlji sudi light is allowed to readi Ific 
comparison ftelds whidi \s potoerfuUti absorbed by the fluid erperimented upon. this requirement is 
realtzed by combining the colorimeter toith an apparatus for spectroscopicallti decomposing the li^ 

the eihibits include:— 

1. IVIarUns'*) Colorimeter with Cummer and Brodhun*s cube adapted for use in am- 
junction toith spectroscopes ntted with a waue-length scale. 

2. Colorimeter with twin comparison prism for use in conjunction with spectroscopes fitted u)iHi 
micrometers for measuring waoe-lengths. 

3. IVIartens' TleiO Colorimeter. the comparison element consists of a tuiin prism (sce 
Section Va, Ro. 5 a) and has ouer the usual appliances consistino of two Tresnet prisms the grcat 
adoantage of causing the separating line between tne two ftelds to dtsappear altoaether, whidi matenatb| 
enhances the rapidity and delicacii of the adjustment. the erperimenter looks through tlie comparison ' 
apparatus in a horizontal direction. the measurements are made by raising or lowering a nessel cor* 
tainino the liquid under eramination with respect to a stationary Immersion tube bu means of a ndi 
and pmion movement. R millimetre scale shotos the thidiness of the Stratum, tne vessets mau U 
surrounded bu a toarming arrangement. Selectioely absorbing glass plates or Candolt's Hght-flUers 
may be slid mto the focussina lens in order that onlu sudi rays may readi ttie eye whidi are largd) 
absorbed bu the fluid. Solutions are best compared with a Solution of a known degree of concen- 
tration of tne same substance haoing a constant depth. 

4. TletO Spectrum Colorimeter, dirrering from Ro. 9 only in that the light is decomposed spec- 
troscopically. the telescope can be tumed by a micrometer scrtw round a tun'iiontal aris for the 
purpose of adjusting and measuring the toaoe-length of the approrimately homogeneous light proceed- 
Ing from the comparison ftelds. 

5. TletO Colorimeter ntted with Cummer and Brodhun*s cube, othenoise similar to Ro.S. 

6. Stammer's Colorimeter ntted with Tresners comparison prisms and uertical lens. the 
greatest depth of fluid is 350 mm. this colorimeter is principallti used in conjunction with Standard 
glasses for the eramination of petroleum. 

I ScitnHAc opHcUn or the Ann. 
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IX. Drawing and CalculaUng RppUances. 



t. Rrth. Burkhardt, cm engineer. 

ßlashütte, Saxony. 

Post and Telegraph OfTice, and Station on the Mglit^thal RaUioai|. 
First 6erman Calculating Madiine Facton|. Mäher of Instruments of Precision. 

established 18T8. 






Calculating IVIadline embodying the tatest improuemenb, forRddition,Subtraction» Multi- 
pUcation, uiutsion, Powers and Roots. the madiines, of tohidi ouer 1,000 are in actual use, 
iiaoe repeatedly been aioarded national priies, gold and siluer medals at home and abroad. 

The Instrument is made in the most evact manner under careful superuision in three sizes: 

1. Siy figures, factors of 6xT figures and product of 12 Rgures 

2. Cight - . . Sx9 - - . . 16 . 
5. Ten ' - - 10x10 - - - 20 - 

Repairs are scarcely ever needed. Splendid testimonials. 

These madiines can be fonoarded by post and are supplied toith a tioo years guarantee. 

Price-lists may be had free on application. 



2. 6ustaü Charitius, Weimar. 

IVIedianician and Optician. 

t. Planimetrie Compasses Tlo.l. Ihese work absolutely uniformly and freely, and there is no 
plav. the steel points are carefüUti hardened and are made slender so as to cast scarcely any 
shadmo. 



m 
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2. Planimetrie CompasSf S Ho. 6 fitted wiHi adjustabte stop for certain posiHons of Hie po 

3. Planimetrie Compasses Ho. 15. Slmitar to no.6, ntted tolHi stop corresponding to too 
betioeen thc points, and totth countitig toheel indicating hoio manii Hmes tOO mm haoe betn measured 

4. Pantograph IlO. 3. the pole or the instrument is ptaced upon a pin projecting fum thi 
compantiing steel vice, tohidi is clamped to the table, the arms are adjusted toith the aid of 
dioisiotis marked upon them. For reductions the draioing pin is placed betioeen the pole and 
tracing pin, and ampUflcations are obtained by intenhangino rhe draioing and tracing pins. the tri 
pin is clamped by a lateral pin, whereas the draioing pm ilts loosely in a sleeoe so as to drato b 
oion loeiQht. Tor mereiy dioiding ofT, the lead should be replaced bi| a needle. the latter shoul 
screioed in so as to place its pomt a Short distance abooe tne paper, and the punctures are madi 
depressing the large brass button abooe. For this purpose the mtlled spring casing should be scn 
upioards as far as necessary. 

the numbers appended to the abooe inshruments refer to the firmes catalogue. 
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3. R. W. Faber, Stein nearTluranberg. 

1. Bonoood SUde-rules toith 6lass Slide. Fig.t. this sUde-rule soloes with the gre 
ease anu of the foUouiinQ problems:-^the ordinary arithmetical Operations, multiplication and dioi 
calculation of ratios within three places of decimals, calculanon of interest, areas, oolumes 





Fig. 2. 



loeiQhts. It is also adapted for tedinical calculations, trigonometry and logarit 
loorn. 

this sUde-rule, lohidi bears the 6erman patent Ro. 01,950, is Rtted loith a la 
spring ledge lohidi presses eoenlii upon the slide, therebii preoenting it from loor 
too loosely or too lightlii, so as to facilitate the adjustment. 

2. Draioing Rules. Rny of the rules are dtoided, to order, according tc 
metric, 6nglish or Russian Systems, the metric scales are dioided into Vt or Vi 
English indies into 7,2, the Russian into saghies and ardiines. these scales 
made of sycamore or bonoood, loith or loitnout brass ledges, loith metal kno 
round loood handle and comparison scale. 

3. Scales. Fig. 2. these are made of unstained polished bonoood, they 
triangulär in section and bear siy ratios, oii. t : 1,000, t : 2,000, 1 : 2,S00, I : 
t:US0, t:uoo;also t:s, t:to, t:ts, t:20, t:2S, t:90, t:99Vi. l:40, i:so, t 
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4. ßritnme, Tlatalis & Co., Brunswick. 

Sundicatf. Cstablishfd 1864. 

Ihr Brunsoiga CalCUlating Matfline. U. th. Odhner's patent automaHc calcuUHng nuuhinf, 
«1 as the "Brunsoiaa Calculating Madiinc,** has been awarded priies on seoeral occasions, e. g. at 
Intcniational nrhibitums held af Rntioerp, Brüssels, Chicago, tt is adapted for all fundamental 
'Ions and their combinations (e. o. calculation of interest, potoers, roots, series, equattons, 9tc.). It 
as an aiuriliani for general dailti use in lieu of the fatiguing process of mental calculation. 
Its use does not inooloe the necessity of long preliminary practlce. R few minutes 
nrrice to ramlUarife anyone with its use. 

Rfler setting the gioen numbers entering into the calculation upon the cooer with the aid of the 
saall projectino leoers, further Operations consist erclusioelii in tuming the crank and sliding the 
Imcr number-bof in certain cases. the flgures are always in sight and the apparatus notes auto- 
luticallii the number of crank mooements. tt is therefore almost impossible to commit an error; 
Should Ulis neoertheless occur it is only necessary to tum the crank badi to the point «obere the 
Mistakc occurred, but there is no need to retrace the entire calculation. 





\ 



Ulis handy apparatus is small enough for being placed on anu ordinary table. Its medunism is 
Mr9 simple, all its parts are solidlti constructed and scarcely suoject to wear and tear; repairs are 
Iherefore rareli| required, as eiperience has amply tesHRed, many thousands of these inshrumenb haoing 
Wen in use for i|ears. 

Madlines A and B are fltted with a bell whidi Signals the impracticability of any eicessioely large 
okttlation. 

The Brunsoiga machine is made in three sif es:-^ 

SiicA, ertra large (9Tcm long) toith bell, is aoailable for unusual calculations; ithas0places 
br the fundamental number, 10 places in the small and ts places in the large number-bof. 

Siic B, ordinary pattern toith bell, 23 cm long, toith 9 places for the fundamental number, 
t places in the small and 19 places in the large number-bov. 

Siic C small pattern toithout bell, aoailable for all calculations occurring in the counting house 
aad ardiitect's offlce, 29 cm long, toith T places for the fundamental number, S places in the small and 
II irtaces in the large number-bor. 

3. Hdding Madline. this madiine works out medunicallti the addition of numbers and long 
cotnmns toith eitraordinary rapidity. 

Adding Flachine Ho.t is aoailable for the addition of numbers of one to siv figures 
and for rotals up to eight figures, e. g. 000,000.90, Machine Ho. 2 is aoailable for the 
addUiott of numbers of one to fioe figures and totals up to seoen figures, e. g. 00,000.90. 
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the operaHon is accomplished by dqiressing kqis, as in a typetoriter, and by a crank-mooement. 

the numbnr so marlied appears at Hie front of the madiinc, thus shotoing that Hie correct key has 
been depressed, tohidi is a great adoantage possessed by Hiis madiine ooer oHiers. Rny error made 
preoious to the rotaHon of the crank can be corrected. the totals appear on the madiine abooe the 
key-board. 6adi item is printed on an automaHcally moned paper ribbon in a oerHcal column, so as 
to fumish a copy of the addition. The sum total is placed beloio this printed column. 

the madiine is parHcularly useful in those cases lohere it is required to eitract for addiHon oarious 
items out of an enHre column. 

the use of the madiine does not innoloe the necessity of conHnued pracHce, and the keys are de- 
pressed toithout efTort. 



5. Christian Hamann, Friedenau near Berlin, tTHedwigstr. 

Philosophical Instrument Maker. 

t. Curue Iracer for describing large circles. 

2. R Set of (reouentlt) tised Border Stamps for rapldly describing, in Indian ink, circles 
and Squares round a gtoen centre. 

3. lichu's ladieometric Plotter Rtted with disk guides in lieu of conical wheels. the centre 
does not requtre Perforation, the circular graduaHons are read by means of a guide roller. 

4. ladieometric Plotter with needle in Hie centre and graduated wheel. 

5. Contouring Scriber, for plotting contours. See Zeitsdirift fttr Dermessungstoesen tS9S. p.330. 

6. Coordinate Planimeter. See ZeitsdiHft f&r Dermessungswesen U9S. p.559. 
T. Polar Planimeter for small areas. 

8. Polar Planimeter with zero constant. 

9. Prt)t2'S Beam Planimeter with wheel and inking päd instead of a bUde. 
10. IVIomentum Planimeter on Jakob Rmsler*s prindple, but modiRed in detail. 
tt. Calculating Madiine with one interpoUtor only. 

the whole of these Instruments belong to the Oeodetic Collection of the Royal 
Rgricultural College of Berlin. 



6. Clemens Riefler, Hesselioang and Munidi (Banaria). 

Wathematical Instrument Works. 

(See also SecHon IL) 

nathematical and Draiotng Instruments for all technicai purposes. 

the most important drawing tnsh^uments, in addition to the dratoing pens, are compasses with 
necdles, pencil, ink and hair spring boios. 

RU these Instruments are made on the cylindrical System introduced by this Rrm in 1STT. 
the cylindrical form of body possesses so many aduantaaes ooer the older and polugonal pattem imHi 
triangulär points, that the latter is gradually disappearlng, and not» that the original patenb haue 
erpired Hie majority of other Arms haue likewise adopted rhis System, the skanks of these in- 
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Fig. 2. 



Tig. 3. 




Tig.4. 



struments are cylindrical fFia.t), the sleel points conical and attached by a screto, 
not mcrdu sotdered, so as \o rendtr them reneuiable. The ink and pencil boios haoe cylin- 
drical ptns HghHvi R^Hng the shanks so as \o render cUmping scrtws unnecessan|. the Joints 
mone behoeen screio-centres absolutely uniformlti, loUhout oadi Ush. 

the cfhibits include a great oariehi of draiotng pens, loith and loithout htm-up nibs, double 
pens, curoe pens, triple and bordering pens. In addiHon to these, attention is draiontoneto 
draioina pens toith micrometer set screto and lateral nib turnina up toithout alter- 
ing the setting of the breadth of the line (Fig. 4). 
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Tis. 5. 





There are also pocket compasses with and loithout needle t^ig. 2), ink, pencil an 
pen bows (Fig. 9), and hair-spring bows fFig. s). proportional and beam-compassei 
triple poinred compasses, map dioiders (rig.1), h>r pndiing off distances on maps «nd plan 
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protractors «dIHi and loithout athidada, scates toithand loiHiout transoersals, opisometers for 
measuring curoes, dividers for trisecting angles, sectionat ruling apparatus (Fig.S), 
parallel ruters, stide rutes, ellipsographs (Fig.T) of various forms, and seoerat oHier alUed 
instiiunenls. 

Rs a conlribuHon to the quesHon orHiedecimat dinisionorthecircte, aprotractordinided 
in Ulis manner «Dill be found among the erhibils, allhough il appears for seneral reasons to be ad- 
irisable lo relain thc ntstomaru dinision of the circle inlo 9(0^ and lo dinide eadi degree decinultii into 
m minules and eadi minute into too scconds. 




Fig.S. 



IT, hotoener, tl be destred lo eslablish complele agreemenl behoeen Ihe circle dtotded in angutar 
nifasure and Ihe ho ur circle (as sei forlh in Ihe remarhs respeclina Ihe erhibils comprised in Seclionll), 
i\ would be necessary lo dinide Ihe circle inlo 24 degrees and eadi degree inlo 100 minules and lOOxlOO 
scconds. the prolraclor referred lo is inlended lo illuslrale Ihis mode of division. II possesses as an 
inshitmenl for selHno oul anales cerlain praclical adnanlages, since il admils of angles being draton 
loiHi easc and accuralelti loilhin l minule or Ihe V1400 parr of Ihe circumference. 



T. 6ebr. Widimann, Berlin N.W. 6, tsKarutr. 

Darious Zero Compasses and Dtoiders, ihe legs of ihe laller being made ofone piece ofsleel. 

Rfducina Compasses haning Iheir poinls sei orr al righl angles lo facililale Ihe process of gauging 
and Rnal a^ushnenl. 

DratOino Compasses of narious siies prooided wilh ball-headed joinl. the heads are filled wilh 
slems, and are made of Ihe loughesl solid rolled Oerman siloer wire, bul Ihe poinls are made of Ihe 
Anesl steeL Ihe spherical head shows in any posilion of Ihe legs a complelely circuUr Joinl. 
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Beatn CompasSfS. Cadi bot Is nude of one piece of rolled 6emum siloer, md bfnding of Hie 
dieeks of the boves by Hie pressure of Hie damping saew is atmost etiHrelv oboialed. the micrometer- 
screio is of a simple, improved fornu 

Dratoing Pens for Straight and Cumed ünts. 6oeni pen is made of one piece of best 
steeU and n\Ud either loiHi a transoerse or pressure saew, or it is made adjustabte by a mooable 
loedge. 

Cast metals are not used in the manufacture of any of these instruments. 

cmcmcmcmcmcmcmcmcmcmcmcmcmemememememememememememememem 

$. Rd. Zwickert, Kiel, 25 Däntsdiestr. 

Optician. IVIedianician to the Royal Physiological Institute of Kiel. 

6old medal and Diploma: Kiet tS0(. 6old VUdal: BrusseU tS9T. 

(See also SecHon VII.) 

Prof. Hensen's Orthoplanimeter, being an Rmsler polar planimeter with whidi can be 
combined another fbred arm with a roller. the construcHon of this Instrument is based upon ttie fact 
that two stricHy parallel rollers placed one after the other are compelled to run in a straight line 
so as to resist any intenHonal attempt to cause them to deoiate from their recHlinear path. the 
apparatus is equipped loith complete means for ensuring the parallelism of the rollers. By a special 
stghHng apparatus the centres of punctures are located with great accuracy. Straight lines can be 
measured and drauin accurately within O.OS mm. the Instrument can, therefore, be used for measuring 
and mapping out curoes, for graphic interpolaHon and eoen for correcHng curoes by means of rta- 
angular co-ordinates, especiallti in sudi cases where ruled paper cannot Joe used or does not fitmish 
sumcientlti eiact results. 
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X. RppUances for the E^ramination of Materials 
and for Special Purposes, Special lools and 

Riufiliaries. 

t. 7rit£ Rndr^e & Co., Cimited. 

Berlin S.O., 3 Skalitzerstr. 
tOorks: tetnpethof near Berlin, Ringbahnstrasse. 




Fig. 1. 




TI9.J. 



t. Cathe ChudtS, with self-centreing and acentric grip. 
2. Setf-centreing Drill Chudt 

these diudts are a specialihj of this firm and may be made to order in modified forms to meet 
orisHng requirements. 

2. Hugo Bieling, Steglitz near Berlin. 

Medianician. 
Specialih): Standard eauges and Mehle Screio-cutting Tools. 

t. Officiallii CerKfied Standard Screio-bolts and Huts: Single or in sets of \t med in 
case (Fig. 2). 
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3. Stock and Dies, Hie tatter mooins alotif cylindricat guidc-rods. Tour siies (Fig.t) loith ( 
ing lodL these stodis and dies are oery conoenient and made of steel in Hie best possibte nunner. 
dies are cut by the tatest meHiods and toith the greatest care. 



c 
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Tig.t. 





Tig.1. Fig. 5. 

3. MUlfd Iioist-drUls. 

4. Cutting Tools, cutHng toelt and correcHi|. 

5. Spiralll) milled Rose-bit, with perfect cumng edges up h) the point fFtg. ')• 

6. Clodt'toork Regulators, of oion design. 

Special Price-list of Screw-cutHng töois and Standard Oauges. 



3. 6ustaü Halle, RUdorf near Berlin, 53 Hcrmannstr. 

Mäher of Scientific and letfinical Instruments of Precision. 

(See aiso SecHons Vb, Vc and Vg.) 

t. Double Calipers (outside and inside), made of aluminium. 

2. Hand Calipers for outside measurement, made of aluminium; weight 12 g. 

3. Circumferential 6auge, or 7r-compasses, made of steei. 

4. Diagonal Calipers, made of steei 

5. Pentagonal Calipers, made or steei. 



4. Wilhelm Handke, Berlin N., t2£ottumstr. 

Maker of Instruments of Precision. 

t. Pendulum Clodl beating seconds. 

2. ChronO'Chromograph, reglstering in type enery tenth second« 

3. Chronograph wini elechical drining movement and rclcasc. 
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4. Key loiHi indicator for concurrenHy drioing, registering and rdeasing the hoo preceding instru- 
mcnts. 

These tnstruments serue conJoinHy for registering and measuring Hme in sporHng contests. 

The seconds beaten by the pendulum clodi are marked by contacts upon the tape of the registering 
mshrument tohidi aiso notes eadi internal of to seconds by imprinHng the numbers t, 2, 3, 4, 5, $, t 
nert to the second points, so as to faciUtate the time reading. 

The dironograph serues for announcino the toinnina time. It is set in motion by a triple contact 
of the second hands, stopped and brought badi to *'0.' 

The key is for this purpose prooided toith a drum indicattng these three mooements by the inscrip- 
tions "or "Start," "Stopr and after making the contacts "Start" and "Stop" is aoailable for any other 
registration tohile the dironograph rematns shunted out. the latter is not put into circuit until the 
drum retums to "0." 

nie aduantage of this construction consists in the absence of the necessity of dunging the connections 
lohile watdiing the euents. 



5. H. Hommel, Wainz. 

NaKer of 6augt Tools of Precisioti. 
Uorks: Idarwfrk, Obtrstciti-oti-thc-nahc. 

Superfitlt EeotlS. the casing is made of grey pot-metal and fitted with ground precision aether 
leoels cast in sulphur, with accurately worked edges and finished soles. the leods are parallel longi- 
tmlinally and the toarranted degree of accuracy can be uerified. 




Tig.t. 

t. Horizontal £eotl for ShaftitlO, with v-sole and transuerse bubble. Cminently adapted for 
toorkshops and for use in erecting plants. Tig. t. 




Flg. 2. 

2. Dtrtical UütU with horizontal and uertical bubbles, uisible from all sides, fitted with correction 
strews, with smooth sole or v-grooue. Tig. 2. 

3. tltltOtrsal Frame £eotl with adjusting screws. RH four sides of the iron frame are scraped 
accurately at right angles to eadi other for use in horizontal and uertical positions and as a set-square. 
All four sides are v-groooed for use on round bodies, shafts, l^c. Fig. 3. 

4. Combined £eoel for crank-plns and shafts. v-groooed longitudinally and at right angles to 
the temith. rig.4. 

Mcdusics as4 OpHcs. 13 
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5. £rfcKtl9 tntls toith v-grooofd sole and tratisoerse bubbU, in casc; consisHna of a foot of 
grei^ pot-metal and a detaduble tubulär ItütX 150 mm long, for tesHng oertial shamng, bearings, 
cvltnders and surfaces, also horUontal bearings and surfacfs. Fig. 5. 





Flg. 5. 



Flg. 6. 



6. Framf Uvtl wlHi rour worked surfacfs. AU four sides of the Square are equal and hmce 
\he same degree of accuraqi is obtained in side Irudling as wiHi horiiontal use of Hie Iruel. Fig. $. 





Fig. S. 



7. ainometer £et)el. Ttg. T. R useful tts\ for pipe laying, canal and earth works. the leod 
is eiacHy 1,000 mm long and, thanks \o i\s ardied form, i\ can he made \o cUar obstacles, sudi as 
flanges or sodifts, tohidi is a oery important ffaturr. 

8. Cngineer'S Pocket Lcütl^ made of aluminium, we ighing $0 g only, durable and handy, pro- 
oidfd with Andy ground and uery sensiMuf adher Irud. Ttg. S. 

9. Caliper Squares of stf f l, simply and cracHy madf, accuratdy dioidfd, adapicd for oice workers, 
lodi-makers and smiths. Tig. 9. 

tO. Caliper Squares of stfd, of stouter make than Tio. 9, and more highly ftnishtd, wiHi 
kardened Jauis, slider with brass sliding ships, adapted for metal htmers, engine flttcrs and 
medianidans. 
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Fig.«. 



Tig-to. 



tt. Podlft Caliprr Square, nude or cast sUtX, forged in one pitce, totth hardened cnds for in- 
stdf mfasurfmenrs, toiHi adjustablf sUder. this is a tnost useful pattern. Tig-tO. 




12. Fmt Nicrometer Caliper Souarr, graduatfd in tfif most eiact manner andcarefuUy made 
from eicellent material. lOith micromerer screio, adapted as a Standard gauge, toith stopped jato ends 
for inside measurements. Tig.tt. 

13. Fine Nicrometer Caliper Square, carefuUy made ot best cast steel and accurately graduated. 
ttie end and sUding jatos are forged and the sUder is prouided toith a micrometer follotoer. Tigs. 12 to t$. 




Fig. 12. 



Fig. 15. 



Fig. 14. 



rig.t5. 



14. Nicromtttr Caliprrs, ?ig.i0. adapted as Standard gauges for eiact measurements. theboto 
is made of cast steel, the screio of the best siloer steel. the latter is cooered so as to erclude dust 
and dirt. the boto-pin is fitted loith a regulating nut so as to take up badi lash. the screio has a 
pitdi of 0.$ mm and reads to Vioo mm. 




Tig.l$. 
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15. Nicromfttr Caliptrs with long screws toUhour caUbraHng bodies, (Indy and accuratdv nude 
for gmeral toorhshop usc. the bows are round and nudf of forgfd cast stfft, the micrometer scre» 
is madc of the bfst siloer sUt\ and cooered so as to prroent Ihf access of dust and dirh the scrno 
has a pitdi of 1 mm and reads to Vtoo mm. 

t6. Nicromtttr BotO Caliptrs toilh large span, Tig.tT, toith spring reguUtor. this gauge is 
adapted for measuring the stoutness of tubes and other hollow bodies, for gauaing the thidiness of 
Cardboard lids, paper, metal sheets, leather, India rubber, asbestos, or any other kind of plate or 
holloio body the thidiness of tohidi has to be measured a long distance from the edge. 

tT. CljUndrical Standard 6augfS, Tig. IS, made toith great precision of the best tempered 
cast Steel, toith projecting cylindrical ends haoing strictly drcular faces. the ertreme ends are har- 
dened and are accurately toorked toithin Vt^ooovnm. 




Tig. IS. 

t8. Standard Internal and Cirtemal CuUndrical 6augts, made of the (inest special tooisteei 
and finished in a alass-hardened condition. nccuracy is toarranted toithin the Umit of ^.00$ mm, 
at a temperature of 30^ C. Tig. 19. 




t9. Cylindrical Nalt and Female 6auge Bolts, made of the rinest special tool steel and 
finished tohen glass-hardened accurately within 0.005 mm. this gauge is principally adapted for test- 
ing the interdiangeable fittings of sewing madiines, typewriters, cycles, 9tc., in fact any madiine parts 
made in laroe numbers. It also seroes to secure the necessary accuracy of all parts required to Rt 
into eadi other. Tig. 20. 







i:x^f^l^] 




Tig. 20. 

20. Standard Netre Vieasures. Rccurately made, wtth accurately scraped and stoned edges. 
One side dioided in millimetres by fine lines. Being carefuUy Rnished these measures are also aoaiU 
able as rulers. Tig. 21. 




Tig. 2t. 
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2t. Standard Nttrf Ntasuring RodS, t,040min long, made of (empered specUl ost s(f e l and 
haoing a Square secHon of 30x20 mm. Ti9.*23. 



Fig. 22. 

22. Surface PlatfS (cast tron Standard planes). Tig. 23. these surface plates are made of evcdlent 
matertal haoing its surfacfs absolutfly frtt from flatos. A cnrtain number of thesf is partlu flnishfd 

and scrapfd and stored atoau for some nme so as 
to alloio of Hif fQualUaHon of internal strains. Pre- 
oious to their de Itoeni thev re ceioe the ir final fintsh, 
tohidi has been shoion by eyperiencf to be the onlu 
cfrtain method of sfcuring perffct accuraqi and ar 
the same time ensuring a prompt supplu. the sur- 
face plates haoe unobstructed edoes and three resting 
points and are rubbed svmmetrTcally. Uhen finish- 
mg the method is foUowed of always scraping three 
plates together. 

-23. Standard Surfacf Plates. Tig. 24. Tor 
truing up the slide oaloe faces of locomotioes and 
other steam-engines. 





Tig. 23. 
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24. Standard Cast Iron Straiaht-edafS» Tig. 23, so constructed as to ensure absolute guarantee 
that tt toill not undergo anu defiection. Itts scraped and stoned for truing up madiine parts of all 
hinds, for adjusting hard-cast rollers and is aoailable in all cases necessitating tne use of a sufficiently 
narroui and light surface plate. 




Tlg. 25. 



25. Standard Cast Steel Straight-edge. Tig. 2$. this stralght-edge is carefully worked on 
all sides, accurately scraped and stoned. Straight-edaes ei ceeding 2,000 mm in length are planed and 
prooided with 2 or 4 hand-slots to fadlitate manipulation. 

26. Cast Steel Straight-edge, of the highest degree of predsion and finish. the flat surfaces 
are accurately worked on the surface plate, and the narroui faces are accurately scraped and stoned. 
Straight-edges haoing lengths beuond 2,000 mm are planed holUno and those ei ceeding 3,000 mm in length 
ar€ prooided toith 2 or 4 hand-slots to fadlitate manipulation. 




Tig. 2$. 
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Tig. 39. Tig. $0. 

27. TinfSt Gast Stffl Standard Squares, scraped and s(onfd on all races. rig.3T. 

28. FinfSt Cast Stffl SquarfS, for medunicians, oeni cractlv toorked on Hie surfacf*plate and 



prooided tolHi accuratdv scrapfd fdgrs. 

29. ScrftO Cflltrf SaugfS tollh mlcrometer screio, reading direc( to Vioo mm. 
5S0mm. Siif II: 330 to 2,$30mm. Tig.3S. 

30. nurling Tool for milUng round objecls. Tig. 29. 

3t. Rti Rssortmfnt of NilUng Uhefls, wUh holder. rig.3o. 



SUel: too \o 



6. ßeorg RosenmüUer, Dresden-Tleustadt 

Specialiti): Rnfinomftfrs for tfditiical and Scifntific Purposfs. 

£stablishfd 25 ijfars. 

Atoards:^ Halle tSSt: Bronie Medal. Brüssels tSSS: 2 Slloer Medals. Brüssels U9T: 6old FledaL 

t. Rnfmomftfr, countlng up to to,ooo,ooom totlh 
diedi cord. In sloul lealher sUng case. this anemometer 
is eitensiDely used in 6erman and Aushian mines. 

2. Rnononiftfr, countlng up h) to,ooo m, m 
toooden case. Chieflv used in ardtUechtre and in Hie 
ceramic trade. 

3. Rnfmomftfr, simllar lo no. 2, but larger and 
eitremely sensiHoe, being capable of measuring air- 
currents of $ m per minu(e. 

4. Rnfmomftfr, haolng ils counHng medianism 
coupled toiHi a clodi in sudi a manner Hui( Hie latter, 
about V4 minute afler being sUrled, releases Hie counl- 
ino medunism and stops it eiacHv one tninu(e later, 
afrer tohidi Hie clodi stops autotnaHcally. £adi read- 
ing is, Hierefore, Hie cract resuU of one mtnule. the 
clodi is self-toinding and selHng. this anemometer is 
principally used as a diedi inshrument and for measure- 
menls in closed shafls. 
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T. £ouis Sdiopper, Ceipzig, 27 Rmdtstr. 

Nfdiatiiciati 

and Manufachtrrr of all Rppliatices and Instruments for ttsting Thrtads, Qoth and 

Paptr, and Rppliances for the OfRcial &amination of 6rain. 




Ti9.4. Fig. 5. TI9.6. 

1. Paptr tfstfr for dctcrmining thc strength of papcr. Tig.t. 

2. Paper Ueigher for dftfrmining the tofight per Square unit of area. Tig. 2. 

3. Rutomatic thidiness 6auge. rig. $. 

4. thread Sorting Balance toith toinder for determining the gauge number. Fig. 4. 

5. Balance for determining the toeight of cloth per Square unit area by the Suspension of smaU samples. 

6. 6rain Tester (Chondrometer), stationary form, for determining the qualihi of grains by thelr 
speciRc gravitii. 

this firm undertakes the supply of the diemicals, reaoents, preparing and colouring media required 
for paper tests. All fibres and miitures employed In The manufacture of paper are suppUed in the 
form of alcohoUc miftures, comparison and permanent preparations. 

Complete OutfitS for testino Paper modelled on the requirements of nie Royal mechanical 
and Technical £yperimental uistitute of Charlottenburg (P^per testing Departments). 
6erman and other patents.^Seoeral au)ards.^Highest testimonials.^Catalogues free. 
Correspondence in 6erman, English, Frendi, Spanish and nalian. 
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$. Schott & ßenossen, Jena. 

6lass Uorks. 
Manufachtrrrs of 6lass for Scientific and Industrial Purposes. 

thf 6lass lOorhs of Schott 1^ Genossen toere foundcd in tSS4 and had their origin in a tabora- 
tory established for the eyperimental fiision of opHcal and othcr scientific gtasses. the first laboratoni 
eyperiments made in 1SS3 and tSS4 in conjunction toith Prof. Abbe haoing opened up faoourable 
prospects toith regard to the production of neio optically oaliiabU olasses, the undertakhig was sub- 
stantiaUii subsidixed by the Prussian 6ooemment for the purpose or eyploiting the preliminary erperi- 
mental smeltings on a commercial scale, tohidi soon conoerted the undertaking into a financiallv 
independent concern. 

Apart (Vom the ordinary croton and fltnt glasses, the reaular manufacture includes a series of neu) 
atasses, sudi as Borate and Baryta, Croton and Tlint Blasses, tohidt are ei tensioely tised bu all 
leading manufacturing opticians and haoe furnished the means for many improoements in the consrrtic- 
tion or optical Instruments. Ue may mention among these:Mmprooed advomatic microscope objectioes, 
apodtromatic microscope lenses, anastigmatic lenses for photooraphic objectioes, telescope lenses wtth- 
out secondaru spectrum, new 2eiss prism binoculars (u)ith tne aid of colourless prism glass). OpHcal 
glasses free from internal tension are produced by a neto annealing process. 

In the coturse of time, the manufacture toas made to incltUle other glasses, so as to satisfy higher 
requirements than the usual commercial glasses. Among these may be named:^Jena Standard 
6lass telll (registered trade-mark: a red longitudinal line), and Borosilicate 6lass 59111, for thermo- 
meters toith diminished secondaru depression and an almost undiangeable lero-point. the latter glass 
($9 HI) resists fusion to sudi a degree as to make it adapted for the manufacture of high temperature 
thermometers registertng up to 550^ C. 

Tor laboratoru use: Jena Caboratory 6lass, capable of resisting sudden dunoes of temperature 
and diemical actfon in an eitraordinary degree. Boiling flasks, beakers, retorts. Cvplosion and com- 
bustion tubes, test glasses. 

Compound lOater-gauge 6lasses (6erman patent no.$t,$T$) capable of resisting 
in a high degree sudden dunges of temperature and the soloing actton of hot toater 
and steam. 

Jena Incandescent 6aS'light and Petroleum-lamp Chimneus, resistina 
sudden dtanges of temperature in a hitherto unknoton degree. These rfiimneys toiU 
stand, almost toithout erception, sprinkltng toith cold toater tohile on the flame. 

the glasses made by the Jena 6lass Works, in as far as they are flnished com- 
mercial articles, bear for the protection of the public the flrm*s stamp. 



Eirhibits: 

OpHcal 6lass: Carge objectioe disks (up to 13$ cm diameter) of ordinary crouin and ftint glasses.-^ 
Carge objectioe disks (up to $S cm diameter) adapted for the construction of telescope objectioes toith- 
out secondary spectrum.^Polished plates of ordinary croton glasses, heaoy and heaoiest baryta-croton 
of hiah refractioe power, crown glasses of high and low dispersion. Phosphate and baryta glasses 
free rrom silicic acid, baryta Uaht nints, ordinary nint glasses with refractioe indices up to t.9. Also 
totally reflecting prisms, objectioe prisms. 

Jena Standard and Boro-silicatt 6lasses for thermornfttrs. 

£rplosion and CombusHon-htbts for £aboratorits. 

Compound Uatrr-gaugt 6lassfs. 

Jena 6lass £aborator\| Rppliances (boiUng riasks, beakers, retorts, reagent glasses). 

Jena Incandescent Sas-Ught and Petroleum-lamp Chimneys. 
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9. Strasser & Rohde, ßlashütte {Saxony). 

Chronomftfr and Scientific Instrument Mäher. £stabllshed 1875. 
Specialitii: Rccurate Pendulum Qodis. 

Htghfst awards at the tlnioersal Grhibitions of Chicago and Brüssels, 
and at the trade GrhIbiHons held at Cetpiig and Treiberg. 

t. nodel of an Cscapement for Eiract Pendulum Clodis, designed by l strasser. this 
evtremely simple escapemenr impels Ihe pendulum u)ilh an unequalled degree of precision. the pen- 
dttliim is tmpelled tohen ntry nearly in tts lero position and the impulsion is independenl of the degree 
of omstanqi of the drioing medunism and the condition of the oil; it is, hotoeuer, dependent upon 
dURi§es in che coefficient of elasticihi of the pendulum spring at oarious temperatures. Its action is 
thcrcfbre absolutely uniform at all temperatures and hence the ampUtude of the pendular oscillations 
renuHis normal under all conditions. rig. t. 

Moreoter, the escapement enables the pendulum to stoing out freelu, it acts therefore as a free 
escapement so as to leaoe the pendulum unafTected at the evtreme points. the mooements of all pen- 
dittitm dodis fitted with this escapement haoe, in consequence of these properties, acquired a nigh 
degree of uniformiti|. 





Fig. 2. 




Tig.t. 



Fig. 3. 



2. MeasurinQ Instruments. Tigs. 2 and 3. nicrometer gauges adapted for a great oariehi of 
scientific and tedinical purposes, dioiding a millimetre into fractions oaryina from Vm (0 Vi,mi- % 
VtM« VtM* Vno» Vt,Miinm can be measured directlv with these Instruments. Micrometers are aisi 







234 StcHon X. 

madf rcading VtMt Vim ^^ yti.Mi of Hie Cnglish iiuh. üic jatos of Hiese gauges are rither tiude 
of hardencd s\m or luted loirh sapphircs so as to prevcnt undue toear Hirouah conHnued use. the 
aearitiQ used in Hiese instrumen^s ts madf toiHi the uhnost care ; there is aDsolutdy tio play and 
nmce The readings are corrtct at any posiHon of the Inder. 

ototototototototototototototototototototototototototototototoc 

to. ernst Winter & Sohn (late Ernst Winter), 

Hamburg-EimsbütteU 5$ Osterstr. 
Maker of Diamond CutHng Tools. 
Cstablished t847. 
Rn Rssorhncnt of Diamond 6raorrs for ertmneiy fine dtoiding on gUss, metai, kc. 



Supplement to Section IL 

6. 0. töpfer, Potsdam. 

See p. 40. 

3. Carof Star Sptctrograph for determining monements toithin the nisual radius. The apparatus 
in conjunction toith a large refractor stnyts for the photooraphy of highly dispersed star spectra. It 
is attadied to the telescope bv means of an adapter rotanng so as to describe position anales, the 
toidth and breadth of the slit are adjusted tntcrometrically. the apparatus comprises 9 fltnt-glass 
prisms of $(r, producing a total deoiation of t$3^ the dispersion from D to G bring 10**. Die length 
of the Camera is shortened toith respect to the collimator in the ratio of 4:9. tne prism casing is 
fitted loith a Controlling telescope for the purpose of keeping a star in oleio and obserotng Its spcctrwii 
during Photographie erposure. The Photographie lenses are interdungeable loith oisiial objectincs for 
direct ocular obseroation. 

4. Nfasuring RpparahtS, especially for measurtng spectrum photograms, mounted on a stand 
and adjustable so as to place it in the most conoenient position for the obsemer. üie micrometer- 
screio actuating the measurtng stage has a pitdt of 0.$ mm and a length of tO mm; It reads to 0.000$ mm. 
Entire reoolutions are counted automatically. Ihe mot)ement of the microscope at right angles to the 
direction of measurement is capable of measurement. the microscope has a ränge of magnincation 
from 13 to T50 diameters. the Reld of oiem can be limited at pleasure and to anu destred eitent 
by tuming a collar at the eyeptece end. the readings are taken toith the aid of adjtistable double 
cross-lines. Accessory: Apparatus for testtng the micrometer screto. 

Both Instruments are the property of and erhibited by the Prussian Ministry of 
Education. 

iw iw iw 
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Imperial Physical and ledinical Institute, 
of Charlottenburg. 

this Institute was founded in tSST and comprises hoo deparhnents, upon whidi denolne Hie foUotO' 
ing respectioe tashs :^ 

the Tirst Department opens its doors to physical innestigations and measurements aiming 
at the Solution of scientific problems of greater theoretical or practical importance and in- 
nolning a greater eypenditure for Instruments and materials, or requiring more time for 
obseroation and calculation than Is ordinarily at the disposal of private indiniduals or enen 
sdwols. 
the objects of the Second Department are fourfold, ni2.:^ 

t. to carry out physical and tedinical innestigations ordered from time to time bu the authorities 
or sudi researdies as appear calculated to promote the manufacture of scientific Instruments 
or to contribute to the grototh of allied brandies of 6erman industry. 

2. to test and certify measuring and standardiiino Instruments as far as these Operations do 
not fall within the pronince of the Office of weights and Measures; also to ascertain the 
errors of graduation in sudi Instruments and to issue certificates setting forth the results 
of these tests. 

3. to construct Instruments or parts of Instruments and to carry out other medunical toork 
for the requirements of the Imperial Institute or other 6erman 6onemment institutions and 
authorities, in cases tohere the toork cannot appropriately be carried out in prinate 6erman 
Workshops. 

4. to make and supply certain parts of Instruments for the use of manufacturers or traders 
in special cases tohere the manufacture in private toorkshops presents unusual difficulties. 

the Instruments eihibited are largelu of the Institute*s oton make and seroe to illustrate a few of 
the subjects u)ith whidi the Imperial Physical and tedinical Institute has to deal. lOhere no maker*s 
vame is stated, the Instrument has origtnated in the Institute*s toorkshops. 

t. Padiumeter. this Instrument stwts for the eract measurements of thidinesses, esjpecially the 
diameters or cy linders. It has been made by J. lOanschaff, of Berlin, from designs by Dr. £eman. 
two stides are made to mone alono cylinders and toudi the body tohidi it is requtred to measure by 
means of spheres. the slides are ntted u)ith hoo graduated scales whidi are read by two micrometer 
nicroscopes. the Instrument is equipped toith the requisite accessories for Controlling the parallelism 
of tlie tfes of the microscopes and tne contacts at the apei of the spheres. 

the diameter of a cylinder is determined bu the measurement of any number of parallel diords of 
its circular section tooether with their mutual distances. the latter are shown by a lifting screw 
«ith dinided head. this Instrument has been largely used and proned eminently satisfactory. 

3. £arge Standard Tuning Forh sounding 43$ double nibrations, mounted on sounding bor. 
hiduding case and certificate. 

this fork has been designed for the purpose of fiiing the international musical pitdi and seroes 
for tunina entire ordiestras; its construction conforms to the directions issued for rhe eiamination 
and certincation of tuning forks. See Zenh^alblatt f. d. Deutsdie Reidi tSSS. p. 9$9 and Z. f. Instrk. 9. 
p.l5. tSS9. 

3. Small Hand Tuning Forh sounding 43$ double nibrations, in case, including certificate. 

this tuning fork sounds the international musical pitdi, it is adapted for use by hand and like- 
toise conforms to official regulations. 

Both forks are eihibited in order to illustrate the method of certification and to gine Publicity to 
Hie form of the certificates. their maker is H. Heele, of Berlin. 
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4. Drum Chronograph moutlttd on a tablf . the apparahis is primarily adapted ror dd«9 
mining the vibrations of runing forhs as used for scifnHflc purposes. the qiUnder is 20 cm in tti 
mf(er and findy polished; i\ is smokfd toben required for use. It is drinen by a clodi-h^ain soll 
(o rotate uniformly. A Standard duplicate hining fork mounted on a slide is mooed along Mte i 
by a leading screio so as \o inscrioe upon i\ me Standard curoe of oibrations tobilst an elech 
and leoer mounted on the same slide marks the seconds. the tuning fork required to be 
compared u)itb the Standard fork by the method of beats. See also **tleber die TlormalsHmi 
gabeln der Physik.-rechn. Reichsanstalt und die absolute Zählung ihrer Schwill 
gungen*' (On the Standard tuning forks of the Imp. Phys. and tedin. Inst, and rhe absolute meihod 
of counting oibrations). 2. f. Instrk.lO. pp.TT,tT0,t9T. U90. 

this dironograph has been made by H. Heele, of Berlin. It is fitted with dünge wheet gearing m 
as to cause the drum to rotate at three difTerent speeds. the circumferential oelocini of the drum nti 
accordingly be t, 5 or 10 cm. Ihe movement of the clodi is regulated by a centrifugal fricHon rcguUM 
u)ith freely suspended rotating masses as modiRed by Prof. lloung, of Princetown, Mass. Seci.C 
1nstrk.$. p.ts. isse. 

5. Standard and Meteorological Thermometers. Uniess stated to the contrary, niese th» 
mometers are of the encased pattem and made of Jena Standard thermometer glass t$>ii. the tiü 
glass as toeU as the hard 59 "i borosilicate glass, as made at the Jena 6lass lOorks of Schottin Ge- 
nossen, is absolutelu inoariable in its quality (see Uiebe, Sitzungsber. d. Berliner Akad., t2.noo. tM^ 
and Schott, 2. f. Insfrk. 11. p. 330. lS9n. In the encased thermometers the erpansion of the scale ffm 
is almost identical toith that of the l$i" glass, tohereas the eipansion of the oorosilicate glass is tesi 
(see 6umlich and Scheel, 2. f. Insh^k. IT. p.353. t99T). 

the Standard thermometers specified belou) are uniformlu graduated regardless of irregularity in Hm 
caliber. Reductions of the readings of t$i" and 59 in gUss thermometers to those of the gas thermometir 
will be found in 6rützmacher s paper on ''thermomeh^ic corrections,'* lOied. Ann. 69. p.TI9. tS91 

a. A set of Tundamental Standard thermometers made by R. Tuess of Steglitz, consisting of firar 
thermometers embracing a ränge of to 300*" C, oii.:^ 

no.T90, dioided into 0.1^ from -IS to +5r and from +99 to l02^ l degree equal to 4 mm on the scale; 

- T9t, - - O.l', - - 2 ' -h 2* - - -4-4$ - 102^ l - - . 4 - - - - 

- T92, - - 0.2', - - 4 - + 2' - - +93 - 209^ t - .. 2.5 - - - - 

- T93, • 0.5^ ' - 5 - + 3^ from +94 to 103'' and from 193 to 303^ t degree equal iD 

2.5 mm on the scale. 

b. Standard thermometer no. 5lt made by C. Richter, of Berlin, dioided into OA** from ~2 to +t91P, 
t degree equal to 4.5 mm on the scale. 

c. Standard thermometer Ro. 512 made bu C. Richter, of Berlin, this thermometer is made tnm 
Jena glass 59 1", and graduated on the rod into 0.1*" from -2 to+t02% eadi degree equat to 9.9 muL 

d. Standard thermometer Ro. 900 made by R. Tuess, dioided into O.t'' from -40 to +r*, from -i4t 
to 34^ from 95 to 91'' and from 99 to tOt^^C, one degree equal to 4 mm. 

6. Boiling Point Apparatus<) for altitude measurements, together with boiling point thermomciiis 
made by R. Tuess. 

the thermometers are made of 591" olass and dioided, in accordance with the tension curoe 9( 
water oapour as shown in U lebe's tabfe (published bu Tr. Uiewegl^ Sohn, Brunswidi, tS94l, iaio 
interoals of 2 mm ranging from 310 to 920 mm. the height of the barometer can be read direclti 
with their aid. 

the water of the apparatus is orotected from ooerheating bu a specially constructed boiter, and Nie 
same applies to the steam space (see 6riitzmacher, 2. f. Insrrk. IT. p.t93. t99T). 

6. Thermometers for Scientific Purposes (£aborator\| thermometers). 

a. 3 thermometers for measuring low temperatures:^ 

1 Petroleum-aether thermometer made by C. Richter, of Berlin, 30 cm long, dioided inlo 
Single degrees on the rod, and ranging from +20 to -ITO^'C., as suggested bu T. Kohl- 
rausch, "lieber ein thermometer für sehr tiefe temperaturen und fiber die 
lOärme-Ausdehnung des Petroläthers" (On a thermometer for oery low ten- 
peratures and on the thermal eipansion of petroleum-aetherl. lOied. Ann. 90. p. t. tl9l. 
1 toluol thermometer made by C. Richter, dioided into Single degrees from +50 to -t00*& 
t Alcohol thermometer made by R. Tuess, dioided into 0.5* from +10 to-90'C. 
the graduations of these thermometers are based upon the scale of a gas thermometer. 



> This appiratus Kis brrn trnt fo thr InstituU for rihibiHon by Us nuker. 
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b. 2 Rturtliani Thermoinfters for dftermining thf temofrahirf of the protruding column of mercury 
tarmometers (nlammt thermometers) madf by C. RichVfr, draidfd from -40 to -t-soo*", totth vtsstls 
a and 20 cm long. 

thcse thermomftfrs toere ortgtnated by 6uillaume and, as noto shoton, modiRfd by Mahlke (Z. f. 
hstrlL 13. p. $S. tS93). thf aufiliary Ihermometfr is placfd along thf prolrudtng column of Ihe prin- 
1^ Ihcrmometer in sudi a manner as lo cause i\s lero potnl to be in the Dicinity of Ihe top or the 
■cmtni filament, bu tohidi means the required temperature of the latter can be found directly from 
kt Scale of the auf tliary thermometer. 

T. High tonperahirc Thermometers (upto+STS^C.). Wercuric thermometers capableofmea- 
^xainq lemperatures up to 450*" C. by placing the mercuru under a pressure of about 4 atm. toere used 
IS earti| as tS44 by Person. It appears howeuer that thermometers of this kind did not come into 
Ifftlicr use preutous to the introducrion of the highly refractory $9 ni borosilicate thermometer glass. 

fUl Ihese thermometers haue been made and gradiiated on the stem by 10. Tliehls, of Berlin, and 
te Space abooe the mercuru is filled with dru carbonic acid at a pressure of about 30 atm. Ihe 
iradiuHons are bumt into the stem by Tliehl s process. the method by tohidi these thermometers 
VC made has been described by Mahlke in the Z. f. Instrk. 13. p.402. 1S92. Instead of carbonic acid, 
in§ nilrogen may be employed as a Rlling medium. One of the thermometers erhibited is made of 
kiia combustion tube glass, another of l6"i glass, the remainder of $9"i glass. the first is harder 
still ttian the 59 "i glass and thermometers made with it can be heated to a temperature of 51$'' C 
Tht borosilicate thermometers are aoailable for eiact measurements up to 550^ C, tfiose made of t$i" 
gtass fior temperatures up to 420'' C. 

Ihr readings of these thermometers haoe been calibrated by an air thermometer (seeMahlke, lOied. 
Ami. 53. p.965. tS94). 

a. 1 Thermometer Ro. 4,150 of 16 "i glass, dioided into Single degrees from —5 to -^50^ C. 

b. llhermometer no.4,l$0 of 59"i glass, dioided into Single degrees from -5 to +5 and from +19 5 
to550<'. 

c \ thermometer Ro. 4,lT0 of Jena combustion tube glass, divided into Single degrees from —10 to 
+ir and from +195 to 5S0' C. 

d. 1 Standard Thermometer Ho. 4,200 of 59in glass toith uniformly dioided scale (1 mm = 0.5^ from 
-5 to +5*», from +99 to 102^ from 19S to 202^ from 299 to 302' and from 395 to 550* C. 

In this thermometer the correction is ascertatnable through fundamental obseroation in the thermo- 
iicter itseir. 

e. Tioo Filament Thermometers made of 59 m glass, graduated on the stem at interoals of 10 degrees 
Ihmi to 450*" C. The bulbs are respectioely 10 and 20 cm long. 

t. it Chatelier'S Ihermo-electriC Couple of platinum-rhodioplatinum, the Utter being an 
iio|| containing 10 per cent of rhodtum. The couple, 3 m long and 0.8 mm in diameter, has been selected 
ftom about 9 kg (or 1.5 km) of wire suppUed bu W, C. Heraeus, of Hanau, to the Imperial Physical and 
tcdinical Institute for the purpose of betng tested: The indioidual thermo-electric couples composed of 
dcctrically annealed pieces of this wire oary in their thermal oalues scarcely 3'' at a temperature of 
1,300** C The lest oalues of the £. M. T. in terms of degrees of the gas-thermometer noted on the cer- 
Kficatc supplied with the couple haoe reference to Holborn's and lOien's scale (Uied. Ann. 5$. p. 595. 
1303). The Imperial Institute has so far tested and certiRed upwards of 1,000 thermo-electric couples of 
Ibis bind, tohidi toere as a rule 3 m long. 

9. Clectrical Fumace for testing thermo-electric couples at high temperatures. The fumace consists 
of a sities of concentric tubes of fire-proof porcelain (MassRo.!, supplied by the Aoyal Porcelain 
Tactory, of Charlottenburg), separated from eadi other bu layers or nre-clay and air. One of these 
rings is threaded and carries the heating toire through wnidi the electric current passes (for tempera- 
tmrs up to 1,400^ it is made of nidiel, up to X.BOO'' of platinum-iridiuml. The thermo-electric couples 
tohidi are to be compared are placed toithin the tube, tohere they are kept apart by their porcelain 
capillaries and screened from tne eitemal influence of the heating current bu an outer enoelope tohidi 
fcsts merely on the cold ends of the fumace. This enoelope is indispensable at high temperatures, 
vhcrc porcelain loses its isolating potoer. The fumace consumes abour 1,400 toatts ar l,300^ 

Tlic thermo-electric couples are tested by comparison toith seoeral Standard couples connected toith the 
gas-ttiermometer. The heated junctions within the fumace are attadied to a small disk of platinum- 
rtiodium, uohereas the cold junctions are immersed in a bath of petroleum aoitated by a stirring appa- 
ratus and maintained at the ordinary room temperature or, if the couples differ considerably from eadi 
other and also if eiact results are required, at rhe temperature of melting ice. See "Thätiokeits- 
bericht der Physikalisch-Technischen Reichsanstalt fiir 1999.*' (Report of the u)ork carried 
out during 1999 by the Imperial Physical and Tcdinical Institute.) Z. f. Instrk. 19. p. 349. 1999, and 
Rolborn and Oay, lOied. Ann. 99. p.91T. 1999. 
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tO. Shunt for tfSHng thrnno-flectric Couples, &C. after Cinde ck^. Ce ChateUer*s Hicntto* 
f Itchic couplfs haoe in late yr ars be en UsUd by \he Imperial Physical and tcdinial InsHhilc in oera am- 

siderable numbers. By me ans of the apparahts orhibited Mte eurdro- 

motiDf form of thf couples can be read loilhout alcuUHon. the com- 

pensating Shunt tohidi is the leading feahn'e of the apparatus, is 

^o shoton in Tig.!. the current supplied by an accumulator A is reoulated 

by the adjustment of the resistance W tohidi causes the loss or potni- 

tial produced by a knoton resistance, e. g. O.t ohm, to compensate Hie 

thermo-electromotive Force of the couple T. H is a sensttioe milli- 

amp^emeter, the readinos of lohidi, dioided by tO, indicate the 

electromotioe force of the thermo-electric couple, supposing the shtint 

resistance to be O.t ohm. the apparatus includes scoeral shtmt 

T\a,\. resistances of 0.05, O.to, O.t $ ohm, 1^, so as to pronide for the 

utiliiation of the füll scale of the milli-amp^emeter. 

the apparatus is likewise adapted for toork totth other couples besides those of £e C ha teil er, e.9. 

for the measurement of loto temperatures toith the aid of a constantan-iron couple; in fact, for measuriiig 

low Potentials in general, whidi in this apparatus may readi O.OOoolt. See £indeck and Kothe, 

Miss. Rbh. d. Reidisanstalt 3. 

tt. Rir-thrnnometer UesSfl of PlaHnum-iridium (llled with nitrogen, as emptoyed by 
£. Holborn and A. Day for measuring high temperatures; see ''lieber die Euftthermometer bei 
hohen temperaturen" (On air-thermometers at high temperaturesl, lOied. Ann. $S. p.StT. tS99. the 
oessel is IT cm lotig, its diameter 4 cm, its capadty about 200 ccm and its toalls t mm thidi. the amlllary 
is 30 cm long and its internal diameter is O.T mm. the oessel is made by 10. C. Heraeus, of Hanau. 

12. Small £lfCh1c Vluttlt FumaCf of the eerman 6old and Siloer Refinlng Works, 
Trankfort-on-the-Main, for the eiamination of smelting samples. the heating current passes through a 
platinum toire netting enoeloping the muffle. 

t3. Fluid Ihmnostat loith £lectric Heating Rpparahis for comparing thermometers. R 
oessel of Jena laboratory olass (by Schott l^6enossen, Jena) seroing as a receptacU for the fluid 
is placed, and can be rotared, in a cylinder composed of seoeral concentric enoelopes separated by air 
Spaces, the intertor of the oessel is occupied by a turbine the enoelope of lohidi carries tlie heating 
arrangement. the latter consists of hoo electricallu heated coils of constantan wire mhldi are toound 
side DU side upon a threaded clay tube. these cotls may be put Into circuit, in series, slngly or in 
multiple arc, accordino to the intensity of the required temperature, tohile the strenath of tlie current 
is regulated by an ourside resistance coil. Suitable fluids are petroleum for moderate, or oalmhie finr 
higher temperatures. the thermometers are attadied to an aluminium cooer bu means of corks. lU 
temperatures up to 300*" C. the reading should be taken with the filament entire(y submerged, at higher 
temperatures (up to 300*" C.) the scale may be read just abooe the surface of the fluid, as in this case 
the requisite correction does not ei ceed a feto hundredths of a degree owing to the sUght diffinrence of 
temperature. the degree of constancy attainable toith this apparatus at 150** C. is neoer less Hian 0.0t* 
for a period of lOminutes, the mean consumption of energy being SOOioatts. See R Kothe, 2. f. 
Insh'k. 19. p.143. 1999. 

14. Deioar's Uessels loith £Dacuated 3adiets, made by R. Burger, of Berlin. 

a. Spherical oessel, siloered, 30 cm in diameter and haoing a capadty of 3 litres, for storing liquid air; 

b. Cylindrical oessel of 10 cm diameter, toith transparent sides for toatdiina thermometers. this 
oessel may be used as a thermostat for high temperatures (not erceeding 300** u) in conjuncHon loith 
an electrically heated toire coil. 

15. Cljlindrical RodS of pure platinum, palladium, rhodium and Iridium, 1.9 cm in diameter and 
3T cm long, lent by W, C Heraeus, of Hanau, these rods loere employed in the determination \m 
T. Kohlrausch's method of the heat conducting power of these metals. See Sitiungsber. d. Ben. 
Akad. 39. pp. TU and Tl9. 1999. 

16. OpKcal Bendi loith £ummer and Brodhun's Photometrr Hfad,') with oeioet 
screens for the erclusion of eytraneous Itoht, and rails for connecting two photometer carriages. the 
oraduated tradt is 250 cm long, the photometer head is adapted for equality and contrast adjustments. 
See Z. f. Instrk. 9. pp. 33 and 491. 1999; 10. p.ll9. 1990; 13. p.41. 1993. 

I This appararus his brrn constnictcd bu Mssrs. Sicmrns A Hatskc an4 int, for rfklbiHfl«, t§ Ihc taipcrtol iMHhilc 
> Thr optiut brndi wUh phortmrtcr hcad has beni Irnf for ethiblHos by Mssrt. SchmidiaHtcsfCli, of Berti«. 
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17. Strtft Photomftfr, for photometrical measurnnents outdoors and in the laboratory at any 
angle of emission. A small incandescent lamp constihites the comparison Standard, the measuremenls 
vt made afler Ihe method of rotating sectors, in this case hotoeoer the sector is Rved lohereas the 
rays passing from the luminant to the photometer field are made to rotate by means of prlsms. See 
2. r. Instrk. 14. p.3l0. IS94. 

lt. RotatitlQ Photometer Sector, on tohidi the posltlon of the sectors is altered and the circle 
read tohile rotatüig. See 2. f. Instrk. t$. p. 299. 199$; IT. p. tO. 1991. 

t9. Rpparatus for Determining the Position of the OpHc Rris in quarti putes ground 
ncarlu at right anales to their optic aiis, sacdurimeter plates in particular, after the method of 
6iimiich. See Utss. Abh. d. Reidisanstalt 2. p. 20t. 1995. 6nen in oerv thin plates, not erceeding 
0.4 mm or 25"* of Dent2ke*s scale, it is possible to ascertain the position of the aiis toithin 9 seconds. 

20. Surface and £inear Bolometers for measuring total and spectroscopicallv decomposed 
radiation. In this Instrument particular care has been taken to render both, or all four, arms of 
Uheatstone's bridge, tohidi ts formed bv the bolometers, as similar as possible toith respect to 
Iheir resistance and the nature of their surfaces. they consist of platinum strips 0.00 1 mm thidi toelded 
between hoo strips of siluer 0.0 t mm thidt and subsequently rolled into strips of this thidtness, tohereby 
a liigh degree of uniformitti is ensured, the method bemg analogotis to lOollaston*s process as applied 
lo loires. these strips are accuratelti dit)ided on the engine so as to maintain as eiactlti as possible 
the proper length and toidth of the bolometer strips. After mounting the. strips upon frames of slate 
and prot)iding them toith termtnals the silner is remot)ed by means of nitric acid and the platinum 
Strip is coated electrolytically on both sides u)ith platinic bladt of great absorbing power. 

By this method it has been possible to produce bolometers of any form and resistance and of a 
thidiness down to 0.3 /i. 

Haoing a thidiness of onlu 0.001mm, these bolometers are eitremely sensitive, since difTerences of 
temperature are rapidly equalized. 

Otoing to the identity of the bolometer arms the galnanometer yields a good position of rest eoen 
toith variable currents. See Uted. Ann. 49. p. 204. 1992. 

3t. NercuriC Rrc £amp laith Uater Cooler, this lamp is a modlRcation of Arons*s mercury 
are lamp (lOied. Ann. 41. p.TOT. 1992), whtdi has been gioen the form shoton in Tig. 2, so as to render 
the intense light of the mercury are toith its few spechitm Unes anailable for Polarimetrie toork. 
Rrons*s lamp is adapted for use toith weak currents only, 
as potoerful currents are liable to cause the U-tube to become 
ooerheated and cradi at the point tohere the are passes ooer. 
By tmmersing the lamp in toater it is possible to maintain 
tlie current for hours, but on the other hand a large auantity 
of mercury t)apour is Condensed upon the toalls of the tube 
and the drops of mercury tohile runnin^ doton cause the in- 
lenslty of the light to diminish and osetllate eontinually. 

these objectionable features are entirely absent in the ap- 

riaratus as sketdied in Tig. 2. In this form of the lamp tne 
ine of t)ision passes through the entire lenoth of the are B. 
the light emitted by the are is difTused andi refleeted bu the 
matted sides of the horizontal tube and can pass out toithout 
hindranee through the ends s. In order that these mau be as 
free as possible from Condensed globules of mercury the tube 
is immersed in toater in sudi a toay as to alloto the ends of yi^ 2 

the tube to projeet being thus eooled less than the intermediate ^' ' 

portion. If neoertheless, in the course of time, the end surfaces should become cooered toith fine 
alobules it is only necessary to carefully tilt the lamp, u)hen the bulk of the mercury Coming in con- 
fact u)ith the ftne deposit will take the latter with it on flowing badi. See BeibUtt i. Z. f. Insfrk. 1999. 
no.4 et seq. 

22. 6umlich's Nercuric Rrc £amp Charged toith Cadmiumamalgam, together with its 
heating bor. Ihe amalgam contains 5 to 10 per cent of cadmium and, in a fused condition, is flltered 
througn seoeral capillary tubes into the preotously toarmed and eoacuated lamp so as to trtt it from 
the layer of oride tohidi othenoise toould preoent the formation of an are. lOnen in use the lamp is 
heated in a water bath to about lOO^'C. and fed bu a current of about 10 amütrts, the spectrum shows, in 
additton to the mercury Unes, the principal cadmium lines with suffteient orightness for many measure- 
menls. See Z. f. Instrk. IT. p.191. 199T; Uied. Ann. 91. p.401. 199T. 
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23. ClfCtrically Hcatcd RbSOlutcly Bladi Body, by Cummtr and Kurlbaum. tumnier 
and Witn haue suagested as a suitable means tat pracHcallu realiiing, loiHi any desired deoree of 
amnrofimaHon, a radlaHng **absolutelu bladi body,** as defined u^ 6. Kirchhoff, tnat the inferior 
or a holloio body should be rafsed \o as uniform a temperature as possible and that 
the raus should be allowed lo pass out Ihrough an aperlure (blied. Ann. 56. p.45t. IS95). 
Manii aflempls lo realiie Ihis sugaesHon haue resulled in Ihe consIrucHon of an eleclricallu healed 
bUuk bodu, uihitfi is auailable ror a uiide ränge of lemperahires, besides being easily heared. 11 is 
prepared Dy Ihe foUotoing process:^ 

A piece of plaHnum foil aboul Vtoo vnm Ihidi and 50 cm long is beul inlo a ci^linder and bolh longi- 
hidinal ends are uielded logelher, care being Iahen lo mähe Ihe secHon of Ihe c^linder as uniform 9s 
possible. Bolh ends of Ihe hibe are Ihidiened and prouided uiilh plaHnum ears Ihrough mhidi Ihe 
eleclrical currenl is made lo enler Ihe q^linder. the objecl of Ihe ihidiening is lo cause Ihe current 
lo noui Ihrough Ihe cylinder in a direclion parallel lo ils afis. Ihe plaHnum ci^linder conlains a Hiin- 
uialled hibe made of a refracloni mass and RHed uiilh cross toalls and diaphragms, sudi Ihal only the 
middle secHon of the ci^linder serues as a radianl. the lemperahire of the radianl cauihi is ascerlained 
by means of a Ihermo-eleclric couple. the refraclorv mass or whitfi Ihe inner hibe is made \o consisl 
can be healed lo nearlu tJOO''C. uiilhoul becoming soft, il is readily moulded and shrinhs in a far 
less deoree Ihan porcelafn. the hibe has been made al the Royal Porcelain Taclory, of Chartotten- 
burg. See Derh. d. Physik 6es. lu Berlin IT. p. 106. IS9S. 

24. High Potential Battenj of Small Rccumulators of t,ooouoiis,madebi|M.Bornhiuser, 
of CharloHenburg. 

25. Battenj of Small Rccumulators of 240 uolls, for measuring purposes, made bv M. Born- 
hluser, of CharloHenburg. 

these balleries consisl of lead accumulalors in olass jars 9 cm high x 4 cm diameler. &uh ceU has 
a posiHue and a negaliue eleclrode and is desi^ned for a normal current of O.t ampä'e and a capadty 
of 10 hours. the olasses are fitted toith an acid-oroof stopper tohitfi preuents acid from beina thrown 
up by the euolution of gas tohile the accumulalors are beina tfiarged. the outside of the lars and 

rheir surroundings remain thereforc dry. 
these cells were first emploued Inf 
the Imperial Physical and ImmaA In- 
sHhite with a hioh potenHal battcry of 
11,000 Dolts, uihidi has noio been Hi vai 
for 5 years. See lecture by K. Feussncr, 
Hochspannungsbatterien (Htah m- 
tential batteries), £lehh^otedin.Zdlsltr.li. 
p.632. tS99. 

26. Portable Clark andUrston 
Standard Cell, pattem of the Imperial 
Institute. Clarh*s cell, as describedby 
K. Teussner, Heuere Arbeiten der 
Phusih.-techn. Reichsanstalt (Re- 
Cent worhs of the Imp. Phys. and tedin. 
Inst.), CollecHon of electrotedinical lec- 
tures, published by CDoit, I. no.5. p.l35. 

2T. RheostatuiithMica Sheet Re- 

Sistances made by O.tOolff, of Berlin, 
the resistances consist of cooered man- 
ganine toire uiound in Single layers upon 
mica Sheets, the connecHons are made by 
fiue or sir conered sliding contacb fitted 
toith brushes of fine stlner foil, the 
readings being obtatned from a series of 
numbered spring tndicators situated on 
the inclined front of the boi CFig. 4). 

the object of this neu) desion is to 
obtain rapidity and certaintu in the mani- 



porous cell 

imalsinurrd 
pUHnum 



pistr of mrr« 
curlc sulphatr, 
finc sutphitr 
md mrrcury 




Tig. 3. 



pulation of the connecHons, low h^ansition resistances, good nenHlaHon, and to obuiate short-circuiKng 
at high potentials as well as inducHon and capacity errors (see KTeussner, Heue Tormen eleh 
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trisctier lOtderstandssätze fJXtvo forms of electrical resistance bofes), Elektrotedin. Zeitsdir.20. 
p.Stt. tS99. 

28. Resistance Boir for Pomerful Currents, toitti four decades and crank dunger. tlie re- 
sistance coils consist of constantan strips, ttie greater portion of totiidi are pressed between jpairs of 
copper Strips cooered toitti mica botti for protection and for ttie better abduction of tieat. tiie four 
decades of O.t, t, to and tOO otims are protected by an outside safetii resistance of 5 otims, by oirtue 
of uitiidi ttie cranks mau be dunged at pleasure totien ttie bof is put into a circuit of t20 oolts 
without risk of damage to ttie apparatus. In ttiose cases totiere ttie ctrcuit includes ottier sufRciently 
Uurge resistances, ttie safety resistance coil, or one tialf of it, can be stiort circuited. See K. Teussner, 
neue Formen elehtrisctier lOiderstandssätze {Jitw forms of resistance bores), ibid. 

29. Regulating Resistance Boir for Potential and Potoer Neters. rtie resistances are simiUr 
in form to no. 2T. ttie meters are put in and out of circuit, and ttie outside resistance adjusted gra- 
dually, by means of ttie main cranh. Rn adjustable stop plug fires ttie limit of tlie crank mooe- 
ment in eadi case. Itie commutator situated abooe ttie centre of ttie main crank ser^ts for reuers- 
Ihq tlie direction of ttie current in ttie meters. See K. Teussner, neue formen elektrisctie.r 
lOiderstandssätze (nein forms of electrical resistance bores), ibid. 




Tig. 4. 



30. non-inductine Shunt Resistance for Rltemating Currents» induction is obuiated by 
bcnding tlie resistance strips into a loop, the closely padied tialoes being separated by a mica leaf. 

3t. Reflectino High Potential £lectrometer, after ttie principle of D. BJerknes*s pUte- 
etech^ometer (b9ied. Ann. 48. p. 594. 18931, made buR Bornhäuser, of Oiarlottenbura. ttie apparatus 
is adapted for measuring altematin^ porentials of seueral ttiousand oolts and has for ttiis purpose 
been standardized by a higti potential battery. 

32. Teussner'S Electrical Brake, for determining ttie power of small elech^omotors, one paUem 
bring a small one for powers not erceeding 0.2 tiorsepoioer, and a large model for poioers up to 
\$ horsepoioers. 

Ihe apparatus consists of a reooloing copper disk, Rtted loitti a loater cooling arrangement, lotiidi 
should eirher be coupled to ttie motor or mounted direct upon the spindle. R magnetic system rest- 
ing upon a knife-edge is maintained in equilibrium against the tuming momentum of a loeight by 
the athraction behoeen the magnet poles and the eddy currents set up in the copper disk, thts am- 
dtHon being brought about by the adjustment of the erciting current. 

33. Mounted 6lass Tube for Ohm Determinations. Tive hibes of this kind haue seroed 
for cstablishing the 6erman unit of resistance in accordance with its legal deflnition. the ends of 
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thc tubcs are ground pUmc and dtttd loith spherical terminal oeisels prouided loitli Hie necessani 
ptatinum connecHons for passing Ihe current rhrough and tot measuring Hie fall of polenHaL Rs 

shoum in Tig. 5, Hie hibes are placed upon a rail 
loiHiin a copper bot fllled loini pehroleum and 
mainUined at 0** C bi| means of ice padiing. the 
htbes haoe been carefitUu aamined loiHi resped 
\o bore. lenoHi and secHon and are periodicall|| 
compared lotrh eadi other and loith their copies 
so as to establisli and mainlain a fimdamenlal 
Standard for Hie resistances submiHed for cerHR- 
caHon. See Uiss. Rblt d. Reidisanstalt t. p. 919. 
1895, and 9 (in the press); also lOied. Rnn. 94. 
p. 456. tS9S and Z. f. Instrk. 19. p. 194. tS99 (Gr- 
Fract). 

34. Ohm Copt). These copies consist of bent 
glass tubes loith terminal vessels, thev «rc (llled 
loith mercurv under a oacuum and thereupon sealed. 
£ike the Standard tubes (Tlo. 99), thei| are measured 
at 0* and are, for this purpose likeioise immersed 
in Petroleum at 9**. &uh terminal uessel has fused 
into it three platinum connecHons, vii. for the pass- 
age of the current, for measurino the fall or Po- 
tential and for the Shunts. Periodical comparisons 
are made loith the Standard tubes and lolre copies 
in Order to verih| the constanc^ of the unit of 
resistance seroing as the basis of all regulär tests. 
Seeli9ied.Rnn.4T.p.5t9. 1892; li9iss.RbtLd. Reidis- 
anstalt 2. p. 491. 1895, and Z. f. Insh^k 19. p. 194. 
1898 (reprint); also Uied. Rnn. 84. p.484. 1898; 
Z. f. Insh^k. 18. p. 99. 1898 and Uied. Rnn. 95 p. 519. 
1898. 

35.*] Standard Resistances of Vlangantn 
I9trc from o.t to too,ooo ohms. These resistances 
seme both the purposes of aact Standards for measur- 
ing resistances and for determining strengths of 
currents by measuHng the difference of potential 
at the two ends of the coli The coils loere con- 
structed so as to satisfy the folloioing require- 
mentsi^The resistance should undergo as liHle 
periodic dunges as possible; the temperature of 
the Wirt should be accurately ascertalnable; the 
generation of thermo-electric currents stwuld be 
oboiated; the heat produced bv the current should 
be carried off as rapidlu as possible. The loire 
coils are arHRcially aged before the final adjust- 
ment bu being eyposed for 10 hours to an air-bath 
at 140*6. The otner requirements are saHsfled by 
the design of the apparatus, as shoum in Tig. 9. The 
copper electrodes naoe hoo bends hauing attadied 
to them the resistance boi immersed in pehroleunu 
See Teussner and Cindeck, Z. f. Instrk. 9. p. 299. 
1889. Teussner, ibid. tO. p. 8. 1890; Teussner 
and£indeck, ibid. 15. p.994. 1895 and li9iss.Rbh. 
d.Reidisanstalt2. p. 509. 1895. ^aegerandCindeck« 
Z. f. Instrk. 18. p. 9T. 1898. 




>) n«s.Si loit luve brni Imt Hr cfftUMIte« ta O.Uptrr, 
of Bcrtln, lo«ethcr »Ith ccrHAates %y thc I«f crtal iKsHhiN; 
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36. Rcsistanccs Of Manaatiin Strips or o.ot, o.oot and o.ooot ohm. rhese resistances arc 
nude in tioo sizes. the smatfer pattem ts represented tiy two resistances of 0.0t and 0.00 t oltm. 
tlieii are adapted botti as Standards Tor measuring resistances (e. g. tot balanctng ottier resistances 
of a similar value, Tor measurino ttie conductine power of copper rods, ftc.), and atso tot measuring 
ttie strengtti of currents by tlie mdirect mettiod. In ttie latter case they can be worked up to 100 matts, 

rided tliey are contained in appropriately constructed petroleum-battis. tlie laraer model is adapted 
measuring neru large currents and is auailable for 1,000 uiatts; hoo resistances of 0.001 and 
0.0001 otim respectioelti are ahibited. tlur petroleum is well stirred by a central turbine and is 
kept cool by a stream of cold water passing tnrougti a spiral. 




tOhen adjusttng ttiese resistances the strips are initially gioen a smaller than the required rcsistance 
and subseouently their section is dtminished bu boring holes into them until the correct resistance is 
obtained. By this method it is not difficult to adjust a resistance of 0.000t ohm within the ten 
thousandth part of its oalue. See Teussner, Z. f. instrh. tO. p.425. 1890. 

31. PlUQ Resistance Boir of O.t to 50,000 ohms. this resistance bof is conshitcted after the 
pattem of Siemens*s plug resistance bores, but due regard is paid to the requirements set forth 
m the description of the sinole resistances. Ihe coils are made of manganin; eadi coil being arti- 
ftciallii aged by heating and the internal connections are erclusioelv obtained by soldaing. In addition 
to tlie holes for the traoelUng plugs, the contact pieces are prooided with screws, whidi is frequentlv 
a great convenience when accurate measurements are to be made with the bor. 

38. Potentiometer toith Outside Resistance Boir. ihis apparatus is a new form of the 
Potentiometer described by Teussner fZ. f. Instrh. tO. p. tt3. 1890). It is adapted for measuring, 
with the aid of Standard cells, e. g. Llarh^s or b9eston*s, of accuratelu fcnown electromoHoe 
force, the potentials of continuous currents, from the lowest to the highest ooltages, with a 
degree of accuracy within O.t per cent. lOith the aid of hnown resistances, e. g. the small re- 
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sistances dcscribed unda lio, 36, Hie apparahis is Ukeioise available for mcasurina loiHi a similar 
degree of accuracv, the strength of conHnuous currents. the measurement is generailii made in sudi 

a manner (hat the appa- 
rahis gines dired read- 
ings or Hie potenHaL the 
apparahis is roughlv re- 
presented in Tig. T, from 
tohidi it toill be seen 
that i\ contains (Ine sets 
or crank resistances, vii. 
9 resistances of t,000 and 
tOO Ohms eadi and 2x9 
resistances of tO, t and 
O.t Ohm. the resistance 
of the enKre apparahis 
behoeen the termtnals +B 
and — B at any position 
or the cranks is nominallii 
altoays t4,999.9, orrough- 
ly 1 5,000 Ohms. 

the measuremenb of 
high Potentials necessi- 
tates the use of an out- 
side resistance. Ilo. 21 
Tig. 7. may be employed for this 

purpose. 

39. Double Shunt Boir voilh Rrrangement for Rscertaining the Conductinitij of 
Copper Rods, &C. the conducting power of thick copper toires is determined at the Imperial 1n- 
stirure by thomson's double bridge method. In contradistinction to the apparatus generallti em- 
ployed for this purpose the Standard resistances are invariable (e. q. 0.00 t ohm) and the shunt re- 

sistances variable, ttoo knife- 
edges are placed upon the toire 
to be measured at points eractly 
50 cm apart and the ratio of 
the resistance of this section 
to the Standard resistance is 
ascertained by the double re- 
sistance boi. Tor this purpose 
the apparatus is provided with 
three plug resistance coils of 
100, 50 and 25 Ohms respectinely 
and four Shunt decades of sUding 
resistances eatfi comprising 9 
coils reading to 0.1, I, 10 and 
100 Ohms, the connecHng re- 
sistance between the nearest 
knife-ekge and the Standard re- 
sistance is bridged in the usual 
manner, the number of plug and 
sliding resistances being eractli| 
the same as that in the oariable 
brantfies. the corresponding de- 
cades of the hoo circuib are 
opposite eadi other and put in 
and out of Circuit by the same 
double leoer. 

tOhile measuring, the copper bar is immased in a petroleum bath whidi can also be made to con- 
tain the Standard resistances (e. g. 0.01,0.001 and 0.000t ohm). the petroleum is kept in agitation 
by small turbines and can be heated electrically abooe the ordinär^ temperature for the purpose of 
ascertaining the temperature coefficient of the copper. See Teussner, Collection of tectures on applied 
elech^icitv, edited by 6. Uoit, t. Ho. 3. p.tts. t89T. 




Fig. S. 
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40. Comparison Rpparatus for Standard Rcsistanccs of approiimateiti equai uaiue. ihe 
resistances lohidi are to be cotnpared are pUced in oblong pelroleum balhs, one of lohidi can be healed 
electricallu. the ratio of Ihe hoo resislances is delermined loilh Ihe aid of a shunl-boi. the laller 
conlatns hoo high side resislances, say of 100 ohms, and behoeen boHi a resislance measuring Ihe Ihou- 
sandlh part of eadi side coil, in Ihis instante O.t ohm. the connecHng resistance behoeen Hie resislances 
tohidi are lo be compared is bridged by a similar boy afler Thomson s melhod. this is particularlti im- 

fiorlanl lohen the resislances under comparison do not acttd t ohm. 11 is easu bv Ihts arrangement 
atlain a degree of accuracu loilhin a feio millionlhs of Ihe oalue. A descriprion of Ihe apparahts 
and Ihe manner in lohidi ir is used will be found in Ihe Ihird and fourlh reference gioen al Hie 
condusion of Tlo. 35. 

4t. Four-crank Outsidc Resistance BOf for reguUHng ihe measuring currenl, as loell as for 
many other measuring Operations. 1t embraces four decades of 9 resistances in eadi (say of O.l, I, 
to, too OT t, to, too, 1,000 Ohms, ftc.), whidi can also be split up into two parts for use in hoo separate 
circuits. 

42. Kundt's High Resistances. m the insHgahon of Prof.Kundt a series of eiperiments 
liaoe been carried out m the Imperial InsHtute in the course of the last feu) years with a oieu) to as- 
certain whether his process of bumtng erh^emely thin lauers of platinum and platinum alloys into 
glass OT porcelatn could be uttlized as a means of constructing oeru high resistances. These eiperiments 
were carried out in conjunction uiith the Chemical tOorks Limited flate 6. Schering), Berlin. The 
crhibits tnclude a smoorh porcelain culinder, another coated uiith an alloy of platinum and a complete 
resistance. The latter is made by the following process :^A culinder completeli| cooered uiith the 
allou is coated with a thin layer of waM. A spiral of appropriate pitdi is cut upon this layer mith a 
knife and toith the aid of a lathe, uihaeupon the eiposed layer or platinum is remooed bu acids; or 
a screu) thread may be draton upon the porcelain qiUnder uiith a drauiing pen durged with the 
platinum Solution and then burnt in. This method is likeuiise represented by a resistance of roughly 
300,000 Ohms. 
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